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THE CHEMICAL AND PHYSICAL PROPERTIES AND 
CLASSIFICATION OF SOME QUEENSLAND COALS 
. 
WITH 34 TABLES AND 1 1  TEXT-FIGURES 
BY 
N. J. DE JERSEY, PH.D. ,  M .Sc. 
INTRODUCTION AND ACKNOWLEDGMENTS 
This paper represents portion of a Thesis successfully sustained for the degree 
of Doctor of Philosophy of the University of London. Field work and some 
laboratory work was done while at the University of Queensland, but the major 
portion was carried out between October, 1946, and June, 1 948, in the Fuel 
Technology Laboratories of the Imperial College of Science, under the supervision 
of Assistant Professor G. W. Himus, to whom grateful acknowledgment is made 
for helpful advice throughout. It was made possible by a Senior Research Student­
ship of the Council for Scientific and Industrial Research. For assistance in field 
work and securing coal samples for study the writer wishes to thank Messrs. A. K .  
Denmead and H.  G. Cribb, of the Queensland Geological Survey ; Mr. T .  Sharp, 
Queensland Government Inspector of Collieries ; and the management of Blair 
Athol Open-cut Collieries Ltd. He is also indebted to Dr. 0. A. Jones, of the 
Geology Department, University of Queensland, for assistance in preparing the 
paper for publication. 
The present work represents a preliminary study of chemical and physical 
properties of coals from the major coalfields of Queensland. Although the geology 
of the coalfields has been investigated in some detail, little information is available 
on many of the properties of the coals themselves and the available chemical data 
are largely restricted to proximate analyses and determinations of calorific values. 
The results of such work are reasonably complete for the developed coalfields of 
the State, and are available in papers on the geology of the coalfields, which have 
been published in the Queensland Government Mining Journal and the Publications 
of the Geological Survey of Queensland. 
The aim of the work has been to provide data for a rank classification of the 
coals (to be related to some of their chemical and physical properties) rather than 
to make a survey of the quality of the seams. Consequently in cases where seam 
samples are high in ash, errors in correction to a mineral-free basis have been 
minimised by selecting low-ash samples for study. The higher ash from the seam 
samples should be taken into account when assessing the relative suitability of 
the coals for various uses. 
GEOLOGY OF THE COALFIELDS 
INTRODUCTION 
The coalfields of Queensland occur mainly as isolated basins which are 
scattered over a large part of the area of the State (see Text-Fig. 1 ) .  They are 
also widely distributed as regards geological age, each period from Permian to 
Cretaceous being represented in the productive coalfields. Tertiary coals also 
occur, but are of limited extent and have not yet been exploited. The present 
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production of the State is relatively small compared with the reserves, being of 
the order of two million tons per year. The purpose of the following section is 
to provide a background for correlation of the rank of the coals with the geology 
of the various coalfields. The main features summarised are the stratigraphy and 
extent of the coal measures, thickness and quality of the seams, reserves of coal · 
and tectonic factors likely to affect the metamorphic evolution of the coals. The 
coalfields will be considered in order of geological age, which is also roughly their 
order of importance with regard to probable reserves of coal. 
PERMIAN COALFIELDS 
The coal measures are of middle and upper Permian age, and occur in two 
series, the Middle and Upper Bowen series, the coal measures being separated by 
a thickness of marine sediments. Coals of �iddle Bowen age are restricted to 
the Bowen River area, south of Collinsville, but the Upper Bowen coal measures 
are more extensive, and cofer a large area in Central Queensland, in addition to 
several isolated basins. 
Regarding the Collinsville coalfield, Reid states (1929, p. 9) : " The measures 
have been proved to outcrop on both sides of the synclinal basin from the northern 
margin of the field to a 'few miles south of the Bowen River, so that they can be 
safely assumed to underlie the northern portion of the field occupying an area of 
about 400 square miles·, and attaining a maximum depth of possibly 6,000 feet 
in this area on the axis of the syncline. "  The stratigraphical succession given 
is (p. 49) :-
Carborough series (Trias) 
Upper Bowen-
Fresh water series with undifferentiated coal measures 
Middle Bowen-
Marine series 
Collinsville Coal Measures 
Lower Bowen-
Mount Devlin Volcanic Series 
Mount Devlin Coal Measures . . .  
Mount Toussaint Volcanic Series 
700 ft 
9,600 ft. 
2,400 ft. 
700 ft. 
2,000 ft . 
400 ft. 
3,000 ft . 
It is evident that the maximum overburden over the Collinsville Coal Measures, 
prior to denudation, was of the order of 12,700 ft. Reid has shown that the " main 
structure of the coalfield is a very asymmetrical syncline, converging at the northern 
end, and widening towards the south. The dips on the extreme eastern side are 
very steep, angles ranging from 40° to the vertical, averaging probably 50° to 55°, 
while the easterly dips on the west side average about 5° to 7° ." The coal seams 
have been developed on the west side of the syncline, where the beds are gently 
dipping. 
Six coal seams occur in the series, of average thicknesses 13 ,  14, 4, 5, 6 and 7 
feet respectively from the lowest upwards. Up to the present only two have been 
worked, the remainder being known mainly from bores. In estimating reserves 
allowance must be made for coal destroyed by igneous intrusions, which have 
coked or entirely replaced the seams in some parts of the coalfield. For the area 
of 20 square miles around Collinsville which has been geologically surveyed, Reid 
estimated the probable available reserves as 1 10 million tons. For the continuation 
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to the . south which covers an area of 120 square miles, and into which the 
Collinsville seams extend, the possible reserves are given as 1 ,000 million tons. 
Proximate analyses show that the coal is low-to medium-volatile bituminous 
in rank and regarding variation in composition Reid states ( 1929, p. 32) : " There 
is little variation in the average composition of the coal from the five different seams 
(excluding the Blake seam, of which only one analysis is available) . Occasionally 
an analysis shows an unusually low volatile content, but in a number of cases this 
has been proved to be coal adjacent to an intrusion, and these few abnormal analyses 
have been excluded from the following estimations of available analyses. "  Seam 
samples are rather high in ash, the average ash yield of the coal produced by the 
two collieries being about 15 per cent. Reid has shown ( 1929, p. 34) by float and 
sink tests that this is due to intrinsic mineral matter (disseminated through the 
coal) and that the coal would not be amenable to washing on a commercial scale . 
The sulphur content is high (3 per cent .) for one seam (the Garrick) in one area 
but for all the other seams is usually below 1 per cent. Coal from the Bowen seam 
at the State Colliery is strongly coking, and is used to supply the State Coke Works 
at Bowen. 
Coal measures of the Upper Bowen series cover a practically continuous area 
of 50,000 square miles in Central Queensland, in the valleys of the Bowen, Isaacs, 
MacKenzie, and Dawson rivers, but only small portions· of this area have been 
developed or prospected. The coalfields which have been developed indicate that 
the series contains considerable reserves. The principal coalfields in this area are 
those at Baralaba (Dawson River) and Bluff (MacKenzie River) in addition to 
some undeveloped areas, and isolated basins of equivalent age at Blair Athol and 
Mount Mulligan. 
The Baralaba coalfield has recently been surveyed by ] .  H .  Reid (Reid 
1945 b, 1945 c) . Seven seams occur within a stratigraphic thickness of 600 feet , 
the aggregate thickness of coal being 56 to 60 feet . The reserves are estimated 
at 200 million tons in an area of 56 square miles. The coal measures are in a zone 
of late Permian folding and faulting and the disturbed condition ·of the seams 
complicates mining operations. The average dip of the strata is of the order of 
40°, the measures being most closely folded in the northern part of the field. 
There is also a large overthrust fault in the Dawson Valley mine with vertical 
displacement 380 feet and average dip 55-60° 
Regarding the rank of the coal, Reid states ( 1945 c, p .  358) : " The coal is 
in the low volatile class, is rather soft and is non-coking. It ranges from a semi­
anthracite to a semi-bituminous coal as it increases from south to north in volatile 
matter. This variation does not arply as to individual seams, only as to locality. "  
The proximate analyses given by Reid (1945 c ,  p. 359) indicate that the seam 
sections average about 10 per cent. ash. Owing to the high rank and low moisture 
content, the calorific values of the seam samples are among the highest recorded 
for Queensland coals. 
Upper Bowen coals are also mined to a small extent around Bluff, on the 
Central Queensland railway, 106 miles inland from Rockhampton. The coalfield 
has not been extensively developed or surveyed in detail , but the available data 
indicate that the coal measures have been disturbed by folding and faulting in a 
similar manner to the strata at Baralaba. The coal is also of similar rank aml 
quality, as shown by anal:-:ses given by Dunstan ( 1913 ,  p. 284) . Coal occurrences 
have also been reported from the surrounding areas at Blackwater, J ellinbah , and 
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Tryphinia. Bryan and Jones (1945, p. 94) estimate the reserves of all this area 
(the MacKenzie River area) at 562 million tons. 
Of the coalfields occurring as isolated basins, the most important is that of 
Blair Athol, in Central Queensland. A detailed geological survey has shown (Reid 
1936, p. 339) that the coal measures " lie in an undisturbed condition filling a 
comparatively small basin in much more ancient sediments, and partly covered 
by more recent volcanics." The coal measures reach a maximum thickness of 
400 feet, thinning out towards the margin of the field. The outstanding feature 
is the occurrence of an unusually thick $earn, of average thickness 50 feet, and 
reaching a maximum thickness of 93 feet without any included bands of shale . 
Two thinner seams, each about 4 feet in thickness, also occur, but have not been 
developed to any great extent. Development of the middle seam by open-cut 
methods was begun in 1936 ; in the future the coalfield is to be developed by an 
English company, and a large annual production is planned. In the present open­
cut the seam is 60 feet thick, practically horizontal in bedding, and is covered by 
an overburden of 70 feet of sandstone. Over most of the coalfield the overburden 
is from 70 to 135 feet in thickness, so that the seam can be worked throughout 
by open-cut methods. Reid (1936, p. 342) estimated the reserves of coal as 
approximately 200 million tons. 
Proximate analyses of samples taken through the whole thickness of the seam 
show an ash yield of about 6 per cent. ;  the air-dried moisture, however, averages 
about 8 per cent. The coal is at the low rank end of the bituminous class, is 
non-coking, and has a calorific value (air-dried) of about 12,200 B .Th.U. That 
there is little variation throughout the thickness of the seam was shown by Hall 
(1929, p. 239) who took samples by 5 feet sections through the full thickness. The 
ash varied only between 4.27 and 7.72 per cent. ;  the fixed carbon, expressed on a 
dry, ash-free basis, varied by only 1 .5 per cent. from a mean value of 70. 1 per cent. 
The Mount Mulligan coalfield inland from Cairns, in the far north of the State, 
occurs in an isolated basin equivalent in age to the Upper Bowen series. This 
correlation is supported by the presence of microspore types of restricted range 
(de Jersey, 1947, p. 1 1) .  The coal measures have been preserved from erosion by 
being downfaulted into much older m':>re resistant strata. Two seams of thickne3s 
7 feet occur and reserves are estimated (Bryan and Jones, 1945, p. 9!) at 20 million 
tons. Analyses given by Morton (1945, p. 236) show that the coal is high volatile 
bituminous in rank. Seam samples are rather high in ash, the four analyses given 
averaging 17 .5 per cent. The coal has coking properties, but the high ash yield 
lessens its suitability for coking purposes. 
Undeveloped areas include the Carnarvon-Consuelo coal measures. At least 
four seams occur, aggregating 24 feet in thickness, an:i in gently-dipping strata. 
Analyses given by Denmead (1943, p. 70) show that the coal is of high moisture 
content, and approximately the same rank as the Blair Athol coal. According to 
Denmead (verbal communication) the probable maximum overburden over these 
coal measures was 2,000 feet of sandstone. 
Another area where workable seams are known, but have not been developed 
is at Oxley Creek, 52 miles N.E. of Hughenden. Reid states ( 1918, p. 6) : " The 
estimated thickness of the coal measures which are exposed is about 1 ,300 feet 
It is in the upper 160 feet of the sediments of the coal measures that the coal 
seams occur." Two seams 5 feet and 7 feet in thickness occur and analyses show 
about 20 per cent. average ash. 
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TRIASSIC COALFIELDS 
The principal area of Triassic coal measures is the Ipswich coalfield which, 
because of its situation 20 miles west of Brisbane, the chief port and industrial 
town of the State, has long accounted for more than half the total coal production. 
This favourable location has thus led to the development of a coalfield, the seams 
of which are neither as extensive nor of as high quality as those of the Permian 
coal measures ; however, future development and improvements in transport may 
alter this position. 
The coalfield has been geologically surveyed at intervals, and its stratigraphy 
is now known in some detail. It is centred around the town of Ipswich, and the 
coal measures outcrop almost unbroken over an area of about 50 square miles . 
In this area the continuity of the outcrops of the strata is broken only by a cover 
of Tertiary strata to an extent of about 16 square miles . On palaeobotanical 
evidence, Jones and de Jersey (1947, p. 82) have suggested a Middle Triassic age 
for the series. The coal measures have an average thickness of 4,000 feet, and 
are overlain by the Bundamba series (Upper Triassic) which consists mainly of 
sandstones and is at least 1 ,000 feet thick in this area. The strata have been 
folded and faulted to some extent and this has complicated the development of 
the coal seams. The coals have been worked in two areas-the Blackstone or 
Bundamba area to the south-east and the Tivoli or North Ipswich area to the 
north-west, which are separated by an area covered by Tertiary sediments (see 
Jones and de Jersey, 1947 , geological map) . In the former area the strata are 
folded into a dome-the Bundamba dome-approximately 3 miles in diameter, 
on the flanks of which the beds dip at an average angle of 10°. In the Tivoli area 
the strata dip to the south-east at 5 to 10°, forming part of a syncline which is 
complementary to the northern part of the Bundamba dome. These structures 
are broken up to some extent by faults of varying displacement and extent, and 
in faulted areas the angles of dip are considerably greater than the figures quoted. 
Coal seams occur through the upper 3,000 feet of the series, the lowest 1 ,000 
feet (the Kholo stage) consisting largely of conglomerates and being without any 
workable seam. In all, 22 seams have been recognised ; their thicknesses and 
stratigraphical relationships are summarised in the following table (Table I . ) ,  which 
has been taken from an unpublished survey by A. K .  Denmead, of the Queensland 
Geological Survey (quoted in Bryan and Jones, 1945) :-
TABLE 1 
I Thickness of Seams Stage of the Series Thickness, etc. Coal Seams (Feet) ---
Aberdare 15  
Bluff 1 5  
Blackstone stage . .  600 feet (mainly Four-foot 4 
shales ) Bergin 4!-1 3 
Striper} Bacon 5! 
Rob Roy 6! 
Dobbie's 4 
---
(Unnamed) ? 
Cooneana �tage . .  90:) feet (mainly Braeside No. 2 3t ?  
sandstone) Braeside No. 3 3 
Bracside :,'o.  4 ? 
Stage of the Series 
-
Tivoli stage . .  . . 
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TABLE !-continued 
Thickness, etc. Coal Seams 
Garden 
Tantivy 
Fiery 
Waterstown 
Unnamed 
1500 feet (mainly Tivoli 
shales) Poverty 
Eclipse 
Francis 
Benley 
Unnamed 
Waterworks 
. 
7 
Thickness of Seams 
(Feet) 
3t 
3! 
23 
::1 
(lenticular) 
5 
(lenticular) 
1 2-14 
{lenticular) 
1 1  
(lenticular) 
(lenticular) 
As this constitutes the thickest continuous succession of seams known in 
Queensland, samples of bright coal were taken from seams distributed through 
its thickness to enable study of the relation of rank to stratigraphic depth . 
The reserves of the coalfield were estimated by Bryan and Jones (1945, p. 93) 
as 104 million tons. As the area has been mined for slightly over 100 years, the 
shallower, better quality seams are being exhausted, and the workings are extending 
deeper while the coal is declining in quality. A study of the available analyses 
suggests that the seams may be roughly classified into two groups as regards quality .  
One group gives a relatively low ash yield on seam samples, of  the order of  10 per 
cent . ,  and study of picked samples suggests that this is due mostly to inherent 
mineral matter. It includes the Aberdare, Four foot , Tivoli and Eclipse seams. 
The other group of seams is characterised by high-ash seam samples (average 
20 per cent . )  and microscopic and macroscopic study by the writer has suggested 
(de Jersey, 1946, p. 16) that these seams contain layers of high-ash splint coal, 
which frequently grade into shale bands in the seam sections. This group includes 
the Bluff, Striped Bacon, Rob Roy and Benley seams. 
In rank the coals are high to medium-volatile bituminous and the writer has 
shown (de Jersey, 1946, p. 12) that the lower (Tivoli) seams are higher in rank 
than the upper (Blackstone) seams. Similarly, the former coals are as a whole 
more strongly caking than the latter. The output of the coalfield is used mainly 
for electricity generation, locomotive fuel and gas production. 
The only other important occurrence of Triassic coal in the State is the Callide 
coalfield. This field is being developed at present ,  as conditions lend themselves 
to production by open-cut methods. The coal measures form an isolated basin 
inland from Gladstone, and have probably been preserved from erosion by down­
warping into older, more resistant rocks. This view is supported by the work of 
Reid, who states (1945, p. 47) : " The coal measures which dip more steeply (15°) 
nearer Callide Creek have flattened to 6° at the southern boundary of the C .M.L .  
and become more horizontally disposed about the open-cut where they appear to 
be gently undulating. "  Reid recognised two seam3, the upper 18 feet and the 
lower 5-6 feet iR thickness. As the upper seam is approximately horizontal and 
close to the surface over a considerable area conditions are favourable for open-cut 
mmmg. For one area of 120 acres with a maximum overburden of 40 feet, Reid 
estimated an available tonnage of 3 million tons. Bryan and Jones (1945 , p. 93) 
estimated the probable reserves for the whole coalfield as 120 million tons. 
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Two proximate analyses of samples of the upper seam given by Reid ( 1945 a, 
p .  47) show an ash yield of about 12  per cent . ,  and an air-dried moisture content 
of 8-9 per cent. The coal is low in rank, and the calorific value of these two air 
dried samples was about 10,400 B.Th.U. Regarding quality of the coal, Reid states 
(p. 48) : " There are three soft dirty carbonaceous bands (total 10 inches) in the 
top 8 feet 6 inches section, indistinguishable by colour, but they should largely be 
removable by float and sink tests. These doubtless provide most of the 1 1 .9 per 
cent. ash. Apart from these bands the
. 
coal is bright, hard and light and probably 
very low in ash. There may be bands accounting for the higher ash in the bottom 
section, but they could not be discernible under the conditions-a streaming-wet 
coalface and a poor light in the bottom of the shaft, the only place where the 
section could be seen. I have the opinion, based on these analyses, plus my 
observations of the dirty bands and the intervening bright coal, that run-of-mine 
coal from the open-cut will exceed 12 per cent . ash, but that with a washing process 
a 90 per cent. product might be obtained contain�ng as low as 5 or 6 per cent. ash ."  
Analyses since made by  the writer of specimens of the clean coal, apart from the 
shaly bands, support Reid's conclusions as they show that the ash yield is 4-5 per 
cent. (air-dried basis) . 
JURASSIC COALFIELDS 
Coal measures of Jurassic age occur in the Walloon series, which is distributed 
over an area of about 200,000 square miles in the south-eastern parf of the State, 
with two smaller areas in the far north. Only small portions of this large area 
have been prospected or developed and these only to a slight extent, so that a 
reliable estimate of reserves cannot be given. The most important mining area 
and the type area of the series is the Rosewood-Walloon coalfield, centred about 
Rosewood, 30 miles west of Brisbane. The series here is divided into two stages, 
the Marburg stage, mainly sandstones and about 700 feet in thickness, and the 
succeeding Rosewood stage of coal measure strata about 1 , 100 feet in thickness. 
The strata are almost horizontal, dipping at the most by 1 o or 2°, and this feature 
is characteristic of all the Jurassic coal measures of the State. In this coalfield 
at least six distinct seams are known, of average thickness 4 to 5 feet. All the 
seams are, however, somewhat lenticular, and are split by shale bands which also 
vary considerably in thickness. This lenticularity of the seams appears to be due 
to characteristic conditions of deposition, as also does the type of coal . In 
addition to the very gentle nature of the folding, faults are few and in all cases 
of slight magnitude. It is difficult to estimate the pre-existing overburden in the 
Rosewood coalfield, but further west in the interior where the coals are of the 
same rank the coal measures were probably overlain by about 2,500 feet of 
Cretaceous strata. For the Rosewood-Walloon area, Bryan and Jones ( 194:5, 
p. 92) have estimated the probable reserves at 42 million tons. 
The coal is bituminous and proximate analyses show the high volatile yield 
of about 50 per cent . (dry ash-free basis) . This is an indication of the distinctive 
petrological character of the coals, specimens being nearly always distinguished 
by their hardness, conchoidal fracture and pitch-like lustre-features which are 
characteristic of cannels and " black durains " rather than of normal bright 
bituminous coals . The coals are used extensively for gas production, usually 
blended with more strongly coking Ipswich coal to improve their coking properties, 
and in addition for steam-raising. Like most Queensland coals seam samples 
have a low sulphur content, usually about 0.5 per cent. Reid (1922) showed that 
the ash yield of the coal itself (intrinsic ash) is relatively low, being of the order 
of 7-8 per cent . ;  the high ash of some seam samples (up to 20 per cent . )  is due to 
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the inclusion of thin shale bands in mining operations. Consequently washing 
processes should effect a marked improvement in quality. 
Other Jurassic coalfields developed to a small extent are those at Injune, 
Tannymorel and Oakey (Acland) : All the available data show that these occurrences 
are very similar, both in regard to the nature of the coal and the stratigraphy of 
the coal measures, to the Rosewood coalfield. 
CRETACEous CoALFIELDS 
The most important coal occurrence of this age is the Burrum-Howard coalfield, 
centred just north of Maryborough. The coal measures are Qf Lower Cretaceous 
(Aptian-Albian) age, conformably overlying the Lower Aptian Maryborough Marine 
series. Regarding their thickness, Dunstan stated (1919, p. 4) : " The thickness 
of the coal-bearing belt is estimated to be 1 ,000 feet, within which there is a varying 
thickness of between 500 and 700 feet of strata containing coal seams of good 
workable size. About 2,000 feet of unproductive measures (i.e. , strata containing 
bands and very small useless seams of coal) also exist both above and below this 
belt, making a total thickness of 5,000 feet of sediments. "  The folding is closest 
along the coast ; inland the angle of dip is lower and averages about 10° in the 
area of the coalfield. The seams worked average 4 to 5 feet in thickness and are 
somewhat lenticular as in the Jurassic coal measures. Eleven seams are known 
aggregating 24 feet in thickness, and Bryan and Jones (1945, p. 92) estimated the 
reserves at 120 million tons. 
The coals are bituminous, strongly coking, and used for steam raising and 
gas production. They are mostly bright coals (clarains) although specimens from 
some of the seams are rather similar, macroscopically, to the Walloon coals. Seam 
samples have relatively low ash yields (below 10 per cent. ) ,  which is mainly due to 
inherent mineral matter. The sulphur content is also usually low (below 1 per cent.) . 
The only other Cretaceous coals which have been developed occur in the Styx 
River coalfield, north of Rockhampton. The area has only been developed to a 
small extent and the reserves are relatively small compared with the Burrum 
coalfield. Five seams are known, 5 to 6 feet in average thickness, but have been 
shown by boring to be rather lenticular. Bryan and Jones (1945, p. 92) estimated 
the reserves at 1 1  million tons. The coal is high volatile bituminous in rank, and 
fairly low in ash and sulphur. 
Cretaceous coal seams are also known at Stanwell and at Winton, but have 
not been developed and their nature and extent are uncertain. 
TERTIARY CoALFIELDs 
None of the Tertiary coals have been worked, and their development seems 
unlikely in the near future as long as larger reserves of bituminous coal, often 
more easily accessible, are available. As far as is known they are mainly brown 
coals or lignites. 
The best known occurrence is at Waterpark Creek, along the coast north of 
Rockhampton, where there is a small basin of Tertiary sediments. Six seams 1are 
known, aggregating 86 feet in thickness. Bryan and Jones (1945, p. 92) gave 
the probable reserves as 66 million tons. The area is rather small for large-scale 
open-cut development, and the area of shallow coal is further restricted by the 
steep inclination of the strata in a large part of the coal measures. 
In another Tertiary basin a thick seam of " hydrous black " coal has been 
recorded at Nagoorin and Ubobo (Bryan and Jones, 1945, p. 68) . None of the 
other recorded occurrences appears to be of any economic interest. 
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CHEMICAL COMPOSITION 
SURVEY OF PREVIOUS ANALYSES 
As stated in the Introduction, the available data consists mainly of proximate 
analyses and calorific value determinations. Although a few ultimate analyses 
have been made and some were recorded by Dunstan (1913, p. 284) comparison 
with the writer's analyses of samples from the same coalfields has shown large 
discrepancies with many of these earlier analyses . In such cases the carbon content 
(dry ash-free basis) is much too low to be even roughly comparable, which suggests 
faulty experimental technique. Accordingly none of these earlier ultimate analyses 
will be quoted or used here. 
The published calorific value determinations, however, are consistent and 
agree closely with values calculated from the writer's ultimate analyses of the 
respective coals, using the Dulong formula (Mott and Spooner, 1940, p.  226) . \Vi th 
regard to proximate analyses, it is unfortunate that the present standard methods 
have not been used, the determinations having been carried out by heating the 
crucible containing the coal in a gas flame of constant dimensions. A comparison 
has been made with the writer's analyses of samples from the same seams, including 
one on the same sample. In these analyses the volatile matter determinations 
were made in an electric furnace maintained at 925° C. The comparison indicates 
that the volatile matter is usually about 3 per cent. lower (on the dry, ash-free 
coal) in the earlier analyses, and this is probably due to the lower temperature to 
which the coals were heated. The analyses are, however, of value for comparative 
purposes, and for approximate rank classification. The purpose of the following 
tables (Table 2 et seq. )  is to summarise published analyses from the major coalfields. 
for reference purposes and also for use in the rank classification given in a later­
section of the paper. 
Locality 
Bore No. 1 8  . . 
Consolidated 
Mine 
Bore No. 1 7  . . 
Bore No. 26 . .  
Bore No. 1 4  . . 
Bore No. 16  . . 
Bore No. 26 . .  
Bore No. 1 4  . . 
Bore No. 1 6  . . 
Govt. Bore 1 8  . . 
Govt. Bore 1 3  . . 
Govt. Bore 1 1) . . 
Govt. Bore 1 6  . . 
Govt. Bore 1 6  . .  
Govt. Bore 1 7  . . 
Govt. Bore 1 8  . .  
State Colliery . . 
State Colliery . . 
TABLE 2-PROXIMATE ANALYSES 
COLLINSVILLE COALFIELD (FROM REID, 1929) 
Thickness Volatile Fixed 
Seam Depth Sampled Moisture Matter Carbon 
Garrick 240' 6' 10" 1 .5 22 .8 66 .4 
" 7' 4" 0 .8 22.4 63.5 
" 7 '  4" 0 .7  2 1 . 9  64.4 
Scott 205' 6' 8" 1 . 4  1 9 . 2  58.6 
, 375' 5' 10" 1 . 7  22 .3 65.7 
Denison 430' 4' 1 .4 22.8 60.9 
, 1 90' 4' 1 1" 1 .2 22.2 59.6 
" 395' 5' 4" 1 .4 2 1 .7 63 .8 
Potts 460' 3' 1"  0 .9  20 .3  65.4 
, 225' 5' l . l  2 1 . 3  62.4 
Blake 690' I I ' 0 .8  17 .3  63.9 
Bowen 380' 14' 1"  0 .8  18 .5  65.9 
395' 
, 558' 1 3' l l" 1 .0 17 . 2  6 1 . 3  
, 252' 8' (top) 1 . 1  19 .3  69.2 
" 260' 2' 6" 0 .9  20.9 58.7 
(bottom )  
" 310' 8' (top) 0 .7  19 .7  67.7 
" 317 '  4 '  9" 0 .8  1 9. 7  65.3 
(bottom) 
" Run of About 9' 2.0 2 1 . 7  6 1 . 7  
mine 
coal 
" , About 9' 0 .8 1 9.0 65.4 
Ash Sulphur 
9 .3  1 .2  
13 .3  3 . 1  
13 .0  4 . 1 
20.8 0 .6 
10 .3  1 . 1  
14 .9  1 .7 
1 7 . 0  1 . 1  
13 . 1 0 .8 
1 3.4  0 .8  
15 .2  1 . 3  
1 8.0  0 .7  
14 .8  0.92 
20.5 0.62 
1 0.4 0.66. 
19 .5 0.63 
1 1 . 9  0 .87 
14 .2  0 .71  
1 4.6 
14 .8  
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TABLE 2a-BARALABA COALFIELD (REID, I945C, p .  359) 
No. of 
Locality Seam 
Former State Mine Area 4 ( ? )  
worked 
5 ( ? )  
6 ( ? )  
Dawson Valley Mine, 2 
Baralaba 4 
working 
5 
, 
• · 
, 
, 
, 
, 
, 
, 
, 
, 
Former Anthracite C.P.A.  ? 
? 
Nature of Sample 
Average, cores . . 
mine slack . .  
mine lump . .  
bright coal . .  
average, cores . . 
Core R. 5 bore . . 
Core R. 6 bore . .  
Face No. 5 tunnel 
Mine sample 
No. I pit 
No. 1 pit . . 
. . 
. .  
. .  
Pit 4, run of mine 
June Qr. , 1944 . . 
Sept. Qr. , I944 . . 
Pit 6, 7' face . . 
Pit 7, 9' 1 1" face . .  
Pit 7, run of mine 
Mar. Qr., 1 945 . .  
June Qr. , I945 . . 
Upper 7' section . .  
Upper 7'  section . . 
Lower section 2' 3" 
No. l core 265' 
277' . . 
No. I core 4IO' 
422' 
429' 
. . 
. . 
. . 
. .  
. . 
. .  
. . 
Volatile 
Moisture Matter 
1 . 2 8 .5 
0.8 IO . I 
0 .6 IO .O 
0.6 I l . l  
1 .0 7 .4 
1 .9 I 2.4 
1 .4 I2 .7 
1 . 2  12 .5  
I . .! I3 .6  
1 .4  I 2.6 
1 .0 I2 .5  
l . l  12 . 7  
l . l  I3 .3  
2. I I2 .5  
1 . 2  I l . l  
1 . 0  I l .9  
0 .8 13 .8 
l . l  I3 .4  
0 .5  I 3 . I  
0.5 1 1 . 8 
1 . 5  7 . 3  
1 .4 9 .6  
2. 0 8.5 
2.0 7 .8 
1 . 8  7 .4 
TABLE 2b--BLUFF COALFIELD (DUNSTAN, l 9 I 3, p .267) 
Locality 
Bluff Colliery 
Columba Colliery 
. . . .  
. . 
Nature of Sample 
Top of lower seam (3' 6") 
5" splint lower seam 
. . 
. . 
bottom of lower seam (3' 6") 
lower seam . . 
lower seam at 70' 
splint in lower seam 
Top seam 
, 
, 
, 
, 
, 
, 
. . 
. . 
. . 
. . 
. .  
. .  
. . 
Bottom seam, 4' 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
, (bright coal) 
, (dull coal) 
. . 
. . 
. .  
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
, 4' top of seam 
, , , 
, .. , 
, , , 
Volatile 
Moisture Matter 
1 . 0  I O . I  
1 .6 9 .4 
1 . 2  I2.3 
0 .8 I l .5 
1 . 9  12 .0  
1 .4  9 . I  
0 .8  I0 .7  
1 . 4  8 .4 
1 . 3  9 .6 
1 . 3  7 .5 
1 . 3  8 .5 
l . l  I0 .6 
1 . 2  9 .8  
0 .8 I l . l  
1 .5 12 .6  
:2.. 2 9.8 
l . l  9 .5  
1 . 2  8 .8 
2 .7  I0 .7  
1 . 8  l l . 3  
Fixed 
Carbon 
82.5 
79.4 
82.9 
83.7 
8 1 . 6  
7 7 . I  
75. I 
77.6 
74.4 
77.2 
77.4 
77 .8 
69.9 
76.9 
72 .2  
7 1 . 3  
7 1 . 4 
77 .8 
79 .2 
67 .2 
86.2 
84. 2  
79 .3 
80.8  
84.0 
Fixed 
Carbon 
78. I 
59.7 
75.6 
78 .9 
74.9 
66.3  
76.0 
79.4 
79.8 
77 . I  
77 . 7 
75.2 
73.6 
78. 2 
79 .7  
75.2 
80.6 
77 .2 
72 .6 
7 l . l  
1 1  
Ash 
7 .8  
9 .7  
6 .5 
4 .6  
IO .O  
8 .6  
I0 .8  
8 .7 
I0 .6  
8 . 8  
9 . I  
I3 .4  
I5 .7  
8 .5  
I5 .5  
I5 .8  
I4 .0 
7 .7 
7 .2  
20.5 
5 .0  
4 .8  
I0 .2  
9 .4  
6.8 
Ash 
I0 .7  
29.3 
10 .8 
8 .8 
I l . l  
23 .2 
12 .5  
10 .8  
9 .3  
I4 . I 
I2 .5  
I 3 . 1  
I5 .4  
---
9 .9  
6 . I 
I ·J -- · I 
?> . <'  
I � . X 
I3 . 9  
I5 .8  
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TABLE 2c-BLAIR ATHOL COALFIELD 
Nature of Volatile Fixed Source o f  
Locality Sample :\Joi:;ture Matter Carbon Ash Sulphur Analysis 
Open-cut Full thickness 8 .0 26.0 59 .9  6 . 1  0 . 3 1  B.A.  Open-cut 
(middle seam ) of seam Collieries Ltd. 
Newcastle East Average of 1 4  9 .0  25 . 3  59.4 6.3 0 .35 Hall, 1 9 1 9, 
Colliery analyses p. 239 
(middle seam ) 
' " Mixed samples 
from all work-
ing faces 6 .3  28.9 59.0 5 .8  " " 
Top seam, Seam sample 5.4 34. 1 56.3 4.2 Dunstan, 1 9 1 3, 
Eldorado p. 266 
Colliery 
Top seam, Seam sample 5 .7  32 .3  57 .2  4 .8  
I m bell Colliery 
T .-\BLE 2d-M O L. :\ T  :'I I L' L LI G A N  COALFI ELD (MORTON, 1 945, p. 236) 
Locality 
King Cole Colliery . . . .  . . . . 
Moisture 
3 . 3  
:u 
3 .0  
3 .2  
Volatile Fixed 
Matter Carbon Ash 
27 . 1  .56 .2  1 3 .4 
2:� . 9  56.4 1 6 .5  
2:3 . 3  55. 7  1 8.0  
2:3 . 3  5 1 .3 22.2 
T .-\ B L E  2e-C .-\ R ::\ A RVO� COAL MEASU RES (DENMEAD, 1 943, p .  70) 
' 
Volatile Fixed 
Locality, etc. Moisture :\latter Carbon Ash 
4' 2" seam (A. K .  Denmead sample) 1 3 . 8  30.6 50.2 5 .6  
4' 2"  seam (H .  ] . Jensen sample) . .  10 . 7  3 1 . 1  53.9 4 .3 
TABLE 2 f-OXLEY CREEK COAL MEASURES (REID, 1 9 1 8, p .  1 2 )  
"i\ature o f  Sample 
No. 2 shaft, average of top 3' 6" section of 7' seam 
-;\ 0. 2 shaft, 
7' seam 
average 
. . . . 
of bottom 
. . 
3'  
. . 
6" section 
. . 
of 
. . 
.:\o. 2 shaft, average of 2' 3" seam at collar of shaft 
.:\ o. 3 shaft, average of top -l' section of 8' seam 
.:\o. 3 shaft, average of bottom .J' section of 8' seam 
Volatile Fixed 
Moisture :Vlatter Carbon 
6 . :2  2;) . 2  48 .6 
OJ . 9  2 1i . +  48. 1 
6 . 6  2 7 . 0  42 .8  
7 . :) 2t J . (i 4 1 . 2  
8 .2  :UU 4 !J . O  
Sulphur 
0.40 
Ash 
20.0 
} ! I . () 
2 3 . 6  
:�o .  7 
1 7 . 6  
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TABLE 2g-IPSWICH COALFIELD 
Locality 
----
Aberdare Colliery . . 
Aberdare seam, Blackstone 
. .  
. .  
Aberdare seam, Walker's Fairbank 
Mine . .  . . . . 
. . 
. . 
. . 
Aberdare seam, Walker's Fairbank 
Mine . . 
Bogside Colliery 
. . 
. . 
Bonnie Dundee Colliery 
Box Flat Colliery 
Braeside No. 4 seam 
Braeside No. I seam 
Dobbie's seam 
Mafeking Colliery 
, , 
. . 
. . 
. . 
. . 
. . 
. .  
. .  
. .  
. .  
. .  
. . 
. .  
. .  
. .  
New Aberdare Colliery (top seam) 
, , " (bottom seam) 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
New Chum seam (Four foot seam) 
(Dinmore Colliery) . .  . . 
New Chum seam, Whitwood Colliery 
Eclipse seam (Bishop Colliery) • . .  
Eclipse seam (Donnybrook Colliery) 
Haighmoor Colliery, Tivoli . .  
Haighmoor Colliery, bottom seam 
HaiJhmoor Colli·Jry, Ti vol i top seam 
Rothwell Haigh Colliery 
(Tivoli seam ) 
, , 
, " 
" " 
" " 
, , 
" " 
. .  
\ . .  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
Tivoli seam (Waterstown Colliery) 
Aberdare seam (bottom section, Aber-
dare Extended Colliery) . .  
Bluff seam (top section) ,  Box 
Extd. No. 5 Colliery . .  
Four foot seam (full section) 
(New Whitwood No. I tunnel) 
. . 
Flat 
. . 
. .  
Rob Roy seam ( full section) Rhondda 
Colliery . . . . . . . . 
Eclipse seam (full section ) New Ebbw 
Vale No. 3 Colliery . .  . . 
Volatile Fixed 
Moisture Matter Carbon 
1 .5 3 1 . 3  58.6 
1 . 7  33. 1  60.6 
1 . 7  29 .0 58 .8  
1 .9 29.0 60.2 
2 .0 28.4 60. 1  
1 . 6  3 2 . 2  60.4 
1 . 6  30.6 59 .2 
1 . 1  3 1 . 2  59 . 1  
1 . 8  30.0 59.2 
1 . 7  24.3 27 . 1  
1 .5 27.5 55.0 
1 . 5  29.4 46 . 1  
1 .8 30.6 55.9 
1 . 7  15 .2 67 .7  
1 . 0 28.7 60.0 
2.0 30.5 64 . 1  
1 . 1  24.7 i2.7 
0 .9 25.6 62 .0 
l . l  27 . 1  64 . 1  
l . l  23.4 62.2 
1 . 4  23 .9 6 1 . 3  
0.7 23.7 62.7 
0.7 24.4 64.2 
1 .4 23.9 6 1 . 1  
1 .4 23 . 8 60.6 
2.2 23 .4 66.6 
1 . 3 25.0 64 .3 
1 .0 22.5 64.7 
1 . 2 2 1 . 8  60.8 
0.5 28.0 66.0 
1 .6 30.6 59. 1 
2 .3 25.9 5 1 . 9  
3 . 1  26.6 59.2 
2.0 25.!) 52.4 
1 . 4 23 .0 6 1 . 1  
Ash Sulphur 
8 .6 
4 . 5  0 . 7 
10 .4 
8.9 
9.5 
5.8 
8.6 
8.5 0.6 
9.0 
46.9 
16 .0  
23.0 
l l .7  
15.4 
9.5 1 . 7 
3 .3  0 .8  
1 .4 1 .0 
1 1 .4 1 .2 
7 .6  1 . 7 
13 . 3  
1 3 .4 
12 .8  0 .4  
10 .5  0.4 
13 . 6  0 .4 
14 .2 0.4 
7. 8 0.4 
9.4 0.3 
l l . 8 
1 6.2 
5.4 1 . 3  
8 .7 0 .21 
19 . 9  0.29 
1 1 . 1  0 .3 1  
20. 1 0.43 
14 .5 0.33 
TABLE 2h-CALLIDE COALFIELD (REID, 1 945a, p .  47) 
Locality 
Upper seam, upper section (8'  6")  . .  
Upper seam, lower section (5' 8") . .  
. . 
. . 
Moisture 
9 . 1 
8 .5 
I 
Volatile Fixed 
Matter Carbon 
27.0 52.0 
24 . 4 53.6 
13  
Source of  
Analyses 
-----
Dunstan, 
19 13, 
pp. 273-5 
A.  K. Den-
mead 
(Private 
Com-
munica-
tion) 
Ash 
1 1 .9  
1 3 .5 
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TABLE 2i-ROSEWOOD-WALLOON COALFIE L D  (REID, 1 922) 
Locality Nature of Volatile Fixed 
(Colliery) Seam Sample Moisture Matter Carbon Ash 
Caledonian Caledonian top seam sample •4 .6  �6 . 5  43 . 7 1 5 . 2  
, Caledonian bottom , 3 . 5 37 . 1  47 .9 1 1 . 5  
, , , , 3 . 1  39.0 48 .9  9 . 0  
Perry's ::-;ob Rosewood �o. 2 , 5.8 33 . 9  45 .7  1 4 . 6  
, , , , 5. 1 3 3 . 2  44.2  1 7 . 5  
, , , Picked sample 
of lump coal i'i . O  :3 7 . 1 49.6 8 .3  
Glencoe , " seam sample 6 . 1 3 3 . 4  48. 1 1 2 . 4  
" , , Picked sample 
of lump coal 4 . 7  38. 2 50. 1 7 . 0  
Eden bank Rosewood :\o. 1 seam sample 4 . \)  3 3 . 8  38. 8 22 .5  
, , , bottom 16" 5 . (i 3� .9  4 3 . 3  l i . 2  
Lanefield Lanefield seam samrle 3 . 8  37  ( )  49 .8  9 .4  
" , lump coal 4. 8 :n . o  49 .8  8 . 4  
Sharp's, Walloon Upper seam sample 4 . 2  3 8 . 1  4 8 . 9  8 .8  
\Valloon 
TABLE 2j-BURRC:\I CO.\LFI EUl I DU�ST,\�. 1 9 1 3 , pp. 2G.J., 265) 
Locality 
Bellert's shaft, 3 miles :\ . E .  of Torbanlea 
Burrum seam, Torbanlea . .  . . 
Dunde!! (Dudley) Mine, Howard seam 
, , 
Howard . .  
, 
. . . . 
, 
Kew Riverbank Mine, Torbanlea 
Queensland Colliery Co . ,  Howard 
, , , 
. . 
Queensland Colliery Co . ,  ?\o. 5 pit 
Torbanlea (Lapham ) seam, _ 
Torbanlea Colliery, bottom section 
, , 
Torbanlea seam 
, ,, 
top section 
. . 
. . 
. .  
. . 
Wright's Burrum Colliery . .  
. . 
. . 
. . 
. .  
, 
. . 
. .  
. .  
. . 
. . 
. .  
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. . 
:\Joi;,ture 
3 . 1 
2 . 7 
2 .5 
2 .6  
1 . 4 
1 . 1  
1 .4 
1 .5 
2 . 3  
2 .0  
2 .2  
0 . 1 
3 .2  
1 .4 
Volatile 
� Matter 
27 . 1 
28.0 
25.0 
24.9 
28. 1 
27 .5  
3 1 . 0 
28.8 
24 . 2 
28 .0  
29 . 1 
27 .0  
25.2 
26. 2 
Fixed 
Carbon Ash 
60.5 9 . 2  
65. 5 3 . 2  
68.2 4 . 3  
68.5 4 . 0  
65.4 5.0 
69.2 2 . 1  
65.2 2 . 2  
62 .6 7 . 0  
66. 1 7 . 4  
6 1 . 6  8 . 0  
66.5 2 . 1 
70.0 2.0 
58.4 1 3 . 1  
70 .7  1 .5 
T ABLE 2k-STYX R I V E R  COALFIELD (DUNSTAN, 1 9 1 3  p 265) . 
Locality 
Broadsound, Waverley Creek 
( 1 5" seam at 98')  
, , 
, , 
, , 
(No. 1 )  
(No. 2 )  
. .  
. .  
. . 
. .  
. . 
. . 
. .  
, , Thick seam, top band 
, , Thick seam, 
Top and middle band 
Deep Creek seam . .  
Styx River Co's seam, 
Tooloombah Creek 
, , 
, , 
, , 
. . 
. . 
. .  
. .  
. . 
. . 
. .  
. .  
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
Moisture 
2 .5  
2 .0 
1 . 5  
1 . 7 
2 .6  
2 . 1  
1 .9 
1 . 7  
2 . 1  
2 .2 
2 .0 
1 . 3 
Volatile 
Matter 
27 .4  
28 .6  
26.2 
28 .8 
2 1 .6 
24. 2  
28 .3 
3 1 . 2  
29 .7  
3 1 . 3 
30.9 
30.0 
Fixed 
Carbon Ash 
63. 1 6 . 1  
66 .9 1 .6 
66 .0 5 . 6  
66 .7  2 .0 
63 .8  1 1 . 5  
62.4 1 0 . 0  
64 .5 4 .4  
6 0 . 3  6 .3  
6 2 . 6  5.6 
62.6 3 . 9  
62.9 4 .4 
64.9 3 .4  
Sulphur 
0 .5  
0 .4  
0.4 
0.5 
0 . 5  
0.5 
0 .4  
0 .5  
Sulphur 
0 .4  
1 . 3 
0 . 7  
0 . 6  
0 . 5  
. 0.5 
0 . 4  
0 . 9  
1 . 7  
0 . 7  
Sulphur 
----
0 .8  
0 . 8  
0 . 7  
0 .6  
0 .5 
0 .6 
0 . 8  
0 . 4  
0. 2 
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ULTIMATE ANALYSES 
The following ultimate analyses (Table 3) have been made by standard meth<?ds 
(Himus, 1942) and are all calculated on the dry-coal basis :-
TABLE 3 
ULTDIATE A� .-\LYSES OF QUEENSLAND COALS 
Locality 
Bowen seam, State Colliery, Collinsville • 0 
Bowen seam, State Colliery, bright layers 
Baralaba coalfield (State Colliery) bright 
coal 0 0 0 0 0 0 0 0 
Blair Athol open-cut (seam sample) 
0 0 
0 0 
Blair Athol, vitrain from 3" band in seam 
Aberdare seam (Ipswich coalfield ) ,  
Hart's Aberdare Colliery (bright coal) 
Four foot seam ( Ipswich coalfield) 
0 0 
0 0 
Bonnie Dundee No. 2 Colliery (bright coal) 
Rob Roy seam ( Ipswich coalfield ) ,  
Rylance No. 3 Colliery (vitrain) 
Benley seam (Ipswich coalfield) 
Bindley Colliery (bright coal) 
Eclipse seam ( Ipswich coalfield) 
Bishop tunnel {bright coal) 
0 0 
0 0 
0 0 
Four foot seam, Bonnie Dundee 
Colliery (durain) 0 0 0 0 
Callide open-cut (clean coal) 
Callide open-cut (bright layers) 
0 0 
0 0 
0 0 
No. 
0 0 
0 0 
0 0 
2 
0 0 
0 0 
0 0 
Lanefield No.  4 Colliery ( Rosewood coal-
field ) ,  seam sample 0 0 0 0 
Lanefield Extended Colliery (clean coal) 
Lanefield Extended Colliery, vitrain 
0 0 
0 0 
0 0 
Jubilee Colliery, Torbanlea (Burrum Coal-
field) specimens of clean coal 0 .  0 0 
Portland Colliery (Burr-urn coalfield) speci-
mens of clean coal 0 0 
Styx State Colliery, main seam 
0 0 
0 0 
0 0 
0 0 
Styx State Colliery, specimen of clean coal 
Carbon Hydrogen Nitrogen 
7 2 . 1 1  3 . 50 1 . 44 
8 1 . 60 4 . 59 2 . 02 
86.89 3 . 9 3  1 . 9 1  
76.49 4 . 2 1  1 . 7 6  
7 9 . 64 5 . -! i) 1 . 89 
79. 60 5 . 28 1 . 80 
8 l . 7 i  5 .42 1 . 66 
80. 7 4  5 . 3 1  1 . 7 2  
7 + . 4 8  4 . 6 9  1 . 57 
8 1 . 7 0  5 . 1 3  1 . 55 
7 5 . 25 4 . 55 
7 6. 1 2  4 . 0 1  1 . 20 
7 7 . 7 1  4 . 26 
7 5 . 8 8  6 . 2 3  1 . 62 
6 9 . 82 5 . 89 1 . 58 
80. 34 5 . 2 7  1 . 52 
84.45 5 . 6 1  1 . 7 1  
7 8 . 7 5  5 . 7 5  I .  7 1  
64.54 3 . 84 1 . 1 6 
7 9 . 8 7  5 .39 1 .47 
Sulphur 
0 . 69 
0 . 56 
0 . 34 
0 . 29 
0 . 50 
0.55 
0.50 
0.47 
0 . 1 0  
0 . 2 6  
0 .47 
1 . 02 
1 . 24 
0. 7 9  
0 . 7 1  
0 . 58 
0 . 7 9  
CORRECTION OF ULTIMATE ANALYSES TO A MINERAL-FREE BASIS 
Ash 
- ·  
1 6 . 7 6  
5 . 64 
4-:�R 
6 . 63 
1 . 02 
4. 1 7  
. 3 . 3 3  
4 . 6 7  
1 4 . 09 
7 . 34 
1 2. 26 
4.60 
1 . 5 1  
7 .02 
1 2 . 9 7  
3 . 69 
2 . 33 
7 . 70 
2 1 . 80 
5 . 49 
When an ash determination is made on a coal sample, the percentage of ash 
left after incineration is always less than the percentage of mineral matter in the 
original coal. This is because losses occur which include the water of hydration 
of clay minerals, carbon dioxide from carbonates, and sulphur (as sulphur dioxide) 
from pyrite. As it is necessary to know the relation of the mineral matter to the 
ash in order to calculate analyses to a mineral-free basis, various formulae have 
been proposed for estimating the percentage of mineral matter and using it for 
this purpose. The formulae most widely used at present are those due to Parr 
(1928) and are as follows :-;-
Mm (mineral matter) = 1 .08A + 0.555 
. IOOC Carbon, dry Mm. free coal basts 
= 100-Mm. 
· Hydrogen, dry Mm. free coal basis = 
100 [H-0.009 (A-\P- S)] 
100-Mm. 
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Nitrogen, dry Mm. free coal basis = ����Mm. 
Oxygen, dry Mm. free coal basis = 100 - (C + H + N) 
where 
Mm. = mineral matter C = carbon I All expressed as P.ercentages A = ash H = hydrogen �on the dry coal bas1s. 
S = total sulphur N = nitrogen· j 
These formulae assume (a) that the water of hydration is the same for the 
minera1 matter of all coals (i .e . ,  �:�� of the mineral matter) , and (b) that the 
sulphur is present entirely as pyritic sulphur. Regarding (a) , Stansfield and 
Sutherland (1929, p. 1 158) found the factor to be applied to the ash to vary from 
1 .05 to 1 .20 for Alberta coals. Similarly, analyses of shales associated with various 
coals of the United States (Fieldner and Selvig, 1930, p. 606) show that the com­
bined water varies from 2.7 to 7 .4 per cent . In view of these wiue variations in 
the combined water, it is desirable to investigate the characteristics of the mineral 
matter in any group of coals being studied, especially where the ash is high. With 
regard to the correction for pyritic sulphur, Fieldner and Selvig ( 1930, p. 604) 
have examined 21 American coals, and stated : " The average proportion of pyritic 
sulfur in the coals containing 1 per cent . or less of sulfur was 75 per cent . ,  and in 
coals containing more than 1 per cent. sulfur was 45 per cent. . . . The writers 
therefore believe that a correction based on the assumption that one half the total 
sulfur is pyritic will be nearer the truth than either Parr's assumption of nearly 
100 per cent. pyritic sulfur or Tideswell and Wheeler's assumption of 1 per cent .  
organic sulfur in all coals ."  
Consequently i t  was decided to  investigate ash-to-mineral matter correction 
· for some representative Queensland coals, and in this connection a method evolved 
by G. C. Basak (private communication) was found useful. Basak has found that 
if fractions of different ash yields are prepared by physical methods from a coal 
sample, and the carbon content plotted against ash (dry-coal basis) , the points 
fall on a straight line. · The carbon content of the mineral-free coal may be obtained 
by extrapolating this straight line to zero ash. Also by extrapolating in the other 
direction to zero carbon (the carbon content being corrected for C02 from carbonates) 
the ash yield of the pure mineral matter may be obtained. From this can be 
deduced the factor for converting ash to mineral matter. A straight-line relation­
ship was also found for hydrogen, nitrogen and sulphur, plotted against ash, and 
the percentages of these elements on a mineral-free basis can thus be found in a 
similar manner. In this method the assumption is made that the ash comes 
entirely from sedimentary mineral matter, and the plant ash (ash derived from 
the inherent mineral matter of the plant degradation material) is disregarded. 
However, according to Raistrick and Marshall (1939, p. 198) the ash yield from 
this source is " very low, usually of the order of 1 per cent. or less," so that the 
error produced by reckoning the plant ash as mineral ash is negligible. 
The method has been applied to the Queensland coals in ord�r to find the 
ratios of mineral matter to ash for three representative samples ; this ratio was 
then used in correction to a mineral-free basis for coals from the sam� coal measures. 
Basak's oil-water grinding m�thod wa3 used which m:ty be summ1risei as follow.; : 
About 50 grams of finely ground (minm 100 mesh) coal w2re placed in a p)rcelain 
ball mill and about half the weight of gas oil (S.G. 0.8) added. The mixture was 
then ground at a slow rate (one revolutio_n per second) for about two hours, during 
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which time the coal and oil formed a soft paste . About 200 c .c .  water were then 
added, and grinding continued for a further 4-5 hours. During this time mineral 
matter separated from the coal and went into suspension in the water. This 
mineral matter was then washed with water, dried, washed with benzene, again 
dried and analysed for carbon, hydrogen, ash and carbon dioxide. In the mean­
time a further 200 c.c .  of water were added to the paste in the ball mill, and the 
grinding process continued. The carbon content of the mineral matter decreased 
progressively with increase in the time of grinding, and after 72 hours the fraction 
separated contained only 2-3 per cent. carbon. The carbon and hydrogen contents 
of the fractions and of the original ' coal were plotted against ash and the results 
for the coals studied are given below. 
The composition of a sample from the Ipswich Coalfield and the fractions 
obtained from it are given in Table 4. 
Coal sample . .  
Sample 
. . . . 
First mineral matter fraction . .  
Second mineral matter fraction 
l 
Ul. : 
� � 0 �� t'-n. 0 � � 0 � 
I I � � I 0 
0 
0 
0 
0 I 
I 
1 0  z o  30 
I 
� 
·� 
. . 
. .  
. . 
� 
4 0  
TABLE 4 
Ash Carbon Hydrogen 
. . 
. . 
. . 
� ......._ 
1 4.09 74.48 4 . 69 
86.64 7 . 7 2  1 .0 1  
9 1 .67 3 .45 0 . 74 
0 l PSW1C� SAMPlE 
D co LLI NSVJ LL[ SAMPLE. 
8 LANEFI E.LD SAMPLE. 
I 
� � 
� � � � � � 
I 
I 
1 
l 
� � 1:::.9.. 
5 0  <0 0  7 0  s o  '3 0  
PERCENTAG E. OF ASl-t 
F I G . Z 
Carbon 
Dioxide 
1 . 1 4 
1 .26 
: 
: 
I 
l 
i : 
I I I I 
I OO 
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The carbon dioxide content of the original sample was not determined, but 
as it is proportional to the mineral matter content of the sample, it would be of 
the order of 0.2 per cent . ,  and the correction to the carbon content (0.05 per cent. )  
i s  less than experimental error in the determination of  carbon. These carbon 
contents (corrected for carbon as carbon dioxide) have been plotted against ash 
(Text-Fig. 2) and the points obtained approximate closely to a straight line which 
has been extrapolated to zero ash and zero carbon. The carbon content on the 
mineral-free basis and the ash yield of the pure mineral matter can be read'directly 
from this graph, but these values are obtained more accurately by calculation 
as follows :-
In the equation to a straight line y = mx + c, 
for two points (x1, y1) ,  (x2, y2) ,  y1 = mx1 + c 
Y2 = mx2 + c 
. Y1 - c - X1 d X1 Y2 - X2 Y1 = - an c = --=--=---=---�-=-. .  y 2 - c x2 x i - x2 
In this case, c, the intercept on the x axis, gives the ash yield of the pure 
mineral matter. (x is the carbon, y the ash axis.) The three values obtained 
from the three pairs of points by substitution in this formula are 94.66, 95.28, 
. . . mineral matter and 95.06 per cent . They g1ve the respective ratios h of 1 .056, as 
1 .051 and 1 .052. Using these factors to calculate the carbon content of the original 
sample on a mineral-free basis the values obtained are 87 .51 , 87 .44, and 87 .46 
per cent . carbon. 
In a similar way three points were obtained for a sample from the Bowen 
seam, Collinsville coalfield. The analyses of the fractions and the original coal 
are given in Table 5 .  
Coal sample . . 
Sample 
. . . . 
First mineral matter fraction . .  
Second mineral matter fraction 
. . 
. . 
. . 
TABLE 5 
Ash 
. . 1 6. 76 
. .  75.84 
. .  80.42 
Carbon 
Carbon Hydrogen Dioxide 
72. l l  3 .50 
1 6 .58 1 .83 
1 2 . 20 1 .39 1 . 1 7  
The values calculated for the ash yield o f  the mineral matter were 93.05, 92 .87 , 
. mineral matter . and 92.98 per cent . ,  which give the respective h ratiOs 1 .074, 1 .077, as 
and 1 .075. Using these factors to calculate the carbon content of the original 
sample on a mineral-free basis the values obtained are 87.94, 87.98, and 87 .95. 
A sample of shaly coal from Lanefield Extended Colliery, Rosewood coalfield, 
was also studied and two points were obtained. The first fraction of mineral 
matter separated contained only 2 . 1  per cent. cq.rbon, and the grinding was not 
continued further as this carbon content is sufficiently low to minimise errors in 
extrapolation to zero carbon. The analytical data are given in Table 6. The 
value calculated for the ash yield of the mineral matter is 90.69 per cent. ,  which 
. mineral matter . g1ves the h ratiO 1 . 103. The carbon content of the original sample as 
on a mineral-free basis is 83.32 per cent. 
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TABLE 6 
Carbon 
Sample Ash Carbon Hydrogen Dioxide 
-
Coal sample 
Mineral matter 
. . . . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
3 7 . 22 
88.40 
49. 1 1  
2 . 1 1  
4.77 
1 . 1 8  0.20 
The average results for the three samples for ash yield of mineral matter, 
mineral matter . . · T bl ' Th · ---"7h ___ ratio and carbon content are given m a e 7 .  ese ratios can as · 
be applied in the correction of carbon to a mineral-free basis, using the relation 
. 100 C . . . mineral matter carbon (mmeral-free) = IOO-f A where A 1s the ash yteld and f the ash 
ratio. These ratios were used in the correction of analyses of coals from the 
respective coalfields ; for the correction of analyses of samples from other coalfields, 
all but one of which had less than 8 per cent . ash, Parr's ratio 1 .08 was used. As 
TABLE 7 
Ash Yield 
Sample of Mineral 
Matter 
---
Benley seam (Ipswich coalfield) .. . . . 95.00 
Bowen seam (Collinsville coalfield) . . 92.97 
Lanefield seam (Rosewood coalfield) . .  90.69 
Mineral Matter 
R . 
\ h 
atlo 
r S 
1 .053 
1 .075 
1 . 1 03 
Carbon 
(Mineral-free 
Basis) 
87.47 
87.96 
83.92 
most of the samples were low in ash, this method of correction was considered 
adequate and the maximum error is in nearly all cases less than experimental 
error in the determination of carbon. 
In a similar manner points approximating to straight line relationships are 
obtained by plotting hydrogen against ash. The values obtained for hydrogen 
on a mineral-free basis (by extrapolating to zero ash) are 5 .40 per cent. (Benley 
seam), 4. 10 per cent. (Bowen seam) , and 7 .42 per cent. (Lanefield seam) . The 
formula used to calculate hydrogen on a mineral-free basis is :-
100 (H - 1 (f - I) A) Hydrogen (mineral-free basis) = 100 ::_ f.A 
where H = hydrogen ldry coal basis A = ash f 
and mineral matter f - ash 
The expression in the numerator is used to allow for the fact that some of 
the determined hydrogen comes from the water of hydration of the mineral matter ; 
this must be deducted from the determined hydrogen. 
The carbon and hydrogen contents of the coals, corrected to a dry mineral­
matter-free basis by the above methods, are given in Table 8. 
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Bowen seam, Collinsville 
Bowen seam, bright layers 
Baralaba (bright coal) . .  
Blair Athol seam sample 
Blair Athol vitrain 
Aberdare seam (bright coal ) 
Four foot seam (bright coal ) 
Rob Roy seam, vitrain . .  
Benley seam (bright coal)  
Eclipse seam (bright coal) 
Four foot seam, durain . .  
Callide open-cut . .  
Callide (bright layers) 
Lanefield No. 4 Colliery 
Sample 
Lanefield Extended Colliery 
Lanefield Extended Colliery, vitrain 
Jubilee Colliery (Burrum) 
Portland Colliery (Burrum) 
Styx State Colliery 
Styx �o. 3 Collie"ry (specimens) 
TABLE 8 
PROXIMATE ANALYSES 
Proximate analyses of the coals are given in Table 9. 
f· e volatile matter determinations were made by the Bone 
(Himus, 1 942, p. 30) . 
TABLE 9 
Carbon 
8 7 . 96 
8 6 . 86 
9 1 .09 
82.39 
80.52 
83.26 
84. 7  -l 
84.92 
8 7 . 4 7  
8 8 . 55 
86.42 
80 . 1 1  
7 9 . 00 
82.26 
8 1 . 7-! 
8 3 . 7 0  
8 6 . 6 8  
85.90 
8-!. 3 1  
84.92 
Hydrogen 
4 . 1 0  
4 . 83 
4 . 08 
4 . 47 
5 . 50 
5 . 50 
5 . 60 
5 . 5 5  
5 . 4 1  
5 . 52 
5 . 1 4  
4 . 1 8  
4 . 3 2  
6 . 6 7  
6 . 7 2  
5 . 45 
5 . 7 3 
6 . 1 7  
4 . 7 3  
5 . 68 
For these analyses 
and Silver method 
Volatile Fixed 
Sample 
Bowen seam, Collinsville 
Baralaba, bright coal 
. . 
. . 
Blair Athol open-cut, seam sample 
Blair Athol vitrain . . 
Aberdare seam (bright coal) 
Four foot seam (bright coal) 
Rob Roy seam (vitrain) 
Benley seam (bright coal) 
Eclipse seam (bright coal) 
Four foot seam (durain) 
Callide open-cut (specimens) 
. . 
. . 
. . 
. . 
. . 
Callide open-cut (bright layers) 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
Lanefield No. 4 Colliery, seam sample 
Lanefield Extended Colliery . .  
J ubilee Colliery (Burrum Coalfield) 
. . 
Portland Colliery (Burrum Coalfield) 
Styx State Colliery (main seam) 
Styx State Colliery (specimens) 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. .  
. .  
. . 
. . 
. . 
. . 
. . 
:\Ioisture 
l . G 
1 . 7  
7 . 6  
H . 4  
2 . 8  
2.4 
2 . 3  
2 . 3  
1 . 6 
L :1 
9 . ;) 
1 1 . 7  
4 . 2  
3 4  
1 . 7  
:2 .  ( )  
3 . 1 
1 . 3 
:\I a. tter · Carbon 
20 . 2  :"i."i . D 
1 3 . 1  8 1 . 0 
2 9 . 1 5 7 . 2  
4 1 .0 5 1 . 6 
3 4 . 7  58.5 
3 ;! . 7  5 8 . 7  
:�4 . 6  5 8 . 5  
2 5 . 0  5 8 . 9  
2 7 . 9  6 3 . 3  
20 . 1 5\:l .G  
3 1 . 7  5 4 . 6  
3 5 . 6  5 1 .4 
4.) . 6  4 3 . 6  
.J. : . U  4 1 . 9 
:� 2 . 3  6 3 . 7  
3 3 . 2  5 7 . 3  
:W . 9  48.9 
36.9 56.4 
CORRECTION OF PROXIMATE .-\:-.r.\LYSES TO A MINERAL-FREE BASIS 
Ash 
2 2 . 3  
4 . 2  
6 . 1 
1 .0 
4 . 0  
3 . 2  
4 . 6  
1 3 . 8  
7 . 2  
1 2 . 1) 
4 . 2  
1 . 3 
6 . 6  
1 2 . 5  
2 . 3  
7 . 5  
:2 1 . 1  
5 . 4  
In correcting the above analyses to a mineral-free basis, it has been assumed 
that the mineral matter has lost all its water of hydration in the volatile matter 
determinations, since the samples were maintained at !)2;)0 C. for about 30 minutes 
in determinations b�· the Bone and Silver method. The sulphur content of the 
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samples is so low that it ' can be shown that the effect of pyritic sulphur on the 
corrections would be negligible. It is simpler to base the corrections on th.e fixed carbon, as the volatile matter includes carbonates and water of hydratiOn for 
which corrections would have to be made. The formula used is : 
. . . - 100 F.C. Fixed carbon (dry, mmeral-free basis) = 100 _ (M + f.A) 
where F.C. = fixed carbon } 
M. = moisture air-dried basis 
A. = ash 
and f _ mineral matter t ' - h ra 10. as 
The proximate analyses corrected on this basis are given m Table 10. 
Bowen seam, Collinsville 
Baralaba, bright coal 
Sample 
131J.ir Athol open-cut, seam sample . .  
Blair Athol, vitrain 
Aberd;ue seam (bright coal) 
Four foot seam (bright coal) 
Rob Roy seam, vitrain 
Benley seam (bright coal ) 
Eclipse seam (bright coal) 
Four foot seam (durain) 
Callide open-cut (specimens) 
Callide open-cut (bright layers) 
Lanefield No. 4 Colliery (seam sample) 
Lanefield Extended Colliery . .  
Lanefield Extended Collierv, vitrain 
Jubilee Colliery {Burrum Coalfield ) 
Portland Colliery (Burrum Coalfield) 
Styx State Colliery (main seam) 
Styx State Colliery (specimens) 
TABLE l O  
CALORIFIC YALUES 
Fixed Volatile 
Carbon :\latter 
7 5 . 1 :!-1-.9  
86.-1- 1 3 . 6  
f i i .  ! I  34. 1 
55.8 44 .2  
H:! .  9 37 . 1  
62.3  37 . 7 
63.0 37.0 
7 0 . 8  :! 9 . :!  
6 9 . 7  30.3 
70. 1 29.9 
63.5 36. 5 
5 9 . 2  40 . 8  
49.3  50. 7  
50.6 49.4 
6 1 . 9  38. 1 
6 7 . 9  32. 1 
63. 7  36.3  
66. 0 34.0 
6 2 . 7  3 7 . 3  
Many determinations of calorific values have been made on Queensland coals 
and published by the Geological Survey. B�· making use of a correction formula, 
it is possible to recalculate these determinations to a dry mineral-free basis in 
order to study variations in the calorific value of the pure coal. Use of a correction 
f 1 . 1 k 1 d f h mineral matter . h' h b d . d ormu a mvo ves now e ge o t e h ratiO ; t IS as een etermme as 
for some of the coals (see above) and for the others Parr's ratio 1 .08 has been used. 
The formula used for correction is : 
Calorific value = 100Q 
(dry mineral-free) 100 - M - f.A. 
where Q = calorific value I 
and 
M = moisture � A =  ash ) 
f = mineral matter ash 
air-dried basis 
·H THE CHEMICA L A ND PHYSICA L PROPER TIES A ND CL.-I SSIFI C-l TION 
As the sulphur content of all the coals is nearly always below I per cent . ,  
the effect o f  pyritic sulphur may be neglected and i t  can be shown the probable 
effect in nearlv all cases is within the experimental error of the calorific value 
determinations� The results given below are tabulated for the coalfields in order 
of geological age. 
TABLE 1 1-COLLINSVILLE COALFIELD (REID, 1929)  
Sample 
Garrick seam 
, 
, 
, 
" 
" 
Scott seam 
" 
Denison seam 
" 
, 
, 
Potts seam 
, 
Blake seam 
Bowen seam 
, 
" 
, 
" 
" 
" 
" 
" 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. . 
. .  
. . 
State Colliery (Bowen seam) 
" " , , 
" " , , 
, " , " 
, , " , 
" , ,. " 
" " " , 
. . 
. . 
. . 
. .  
. .  
. . 
. . 
. . 
. . 
. . 
. .  
. .  
. .  
. .  
. . 
. . 
. . 
. . 
. .  
. .  
. . 
. . 
. . 
Calorific Value 
(air dried basis) 
B.Th.U.  
1 3860 
1 :2632 
1 3597 
1 37 1 1  
1 1 794 
1 3262 
1 1 579 
1 3 2-!6 
1 255£ 
1 2 2\J() 
1 2 1 25 
1 2942 
1 28 1 6  
1 2269 
1 21 1\)8 
1 2980 
1 3 1 28 
1 23 1 3  
1 3005 
l \ \:J\)7  
l :3 fi83 
1 2 1 48 
1 3405 
1 2955 
1 259 1 
1 307:2 
' 1 3246 
1 330:2 
13241  
1 2636 
1 2H08 
Moisture Ash 
per cent. per cent. 
0 .9 9. 1 
1 . :2  1 5.4  
1 . 2  1 0.0  
1 .0 10 .4  
1 .5 1 7 . 8 
1 .5 9 .3  
1 .4 20.8 
1 . 7 10 . 3  
1 . 1  1 5 .7  
1 . 4 1 4 . 9  
1 . 2  1 7 .0 
1 .4 1 3 . 1 
0 .9 1 3 .4 
l . l  1 5. 2  
' , .  i� 1 8 .0  
0 .9  1 3 .6  
0 .9  1 3 .4 
0 .8 1 7 .9 
0 .8 14 . 8  
1 .0 20.5 
l . l  10 .4  
0. 9 1 9 .5 
0 .7  1 1 .9 
0 .8  1 4 . :2 
0 .8  14 .8  
l . l  1 3 . 3  
0 .9  1 1 .9 
0 .7  1 1 .5 
0 .3  1 :2 .4 
0 .3 15 . 2  
l . l  14 . :2  
Calorific Value 
(dry mineral-free) 
B.Th.U.  
1 5550 
1 5360 
1 54-1-0 
1 5620 
1 4860 
1 4980 
1 !i l 90 
1 5230 
1 53 1 0  
1 4880 
15060 
1 5320 
1 5 1 30 
1 4860 
1 5 1 50 
1 5350 
1 5500 
1 5400 
156 10  
15GOO 
1 54\:JO 
1 5550 
1 5500 
1 5440 
1 5 1 1 0  
1 5450 
1 5350 
1 53 10 1 
1 5320 
1 5 1 60 
1 5HO 
Considering the Bowen seam, for which most complete data are available, 
there is relatively close agreement among the calorific values calculated on a dry 
mineral-free basis. The seven values for samples from the State Colliery have a 
maximum variation of only 200 B.Th.U.  from a mean value ( 15310 B.Th.U . ) ; 
similarly, the nine samples of the Bowen seam from bore cores vary by a maximum 
of 120 B.Th.U.  from a mean value of 15490 B.Th.U. Calorific values are principally 
determined by rank, so that these results indicate that , taking the full thickness 
of the seam, the Bowen seam is practically constant in rank and petrological 
character over the area studied. 
The values for some of the other seams, such as the Garrick seam, show 
somewhat greater variation, but for the Garrick seam this may be due to errors 
in correction arising from the high sulphur content of some of the samples. 
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TABLE 1 2-BARALABA COALFIELD (REID, l 945c} 
Sample 
State Mine Area 
" , " 
, " , 
, , .. 
Dawson \'alley Mine 
" " , 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. .  
. . 
Calorific Value 
(air dried basis) Moisture Ash 
B.Th .U. per cent. per cent. 
1 405 1 1.: !  7 . 8  
1 3927 0 .8 9 .7  
l .J.; d :!  0 . 6  6 . 5  
l ihi.:l ti l .U 10 .0 
I :!.>.i •i I . :!  15 .5  
l .J.\!•)1) . l . J  1 . 1  
23 
Calorific \'alue 
(dry mineral-lr�e 
basis ) J:U h T 
l 5£i30 
l: i70U 
1 5700 
1 5521) 
1 5�01 1 
1 6440 
In the above table the values for the State Mine area agree closely, indicating 
uniformity of rank ; the two values for the Dawson Valley mine differ considerably 
and are an indication of lateral change in rank in this highly disturbed field. 
Sample 
Middle seam 1 f ,dl sectio 1 )  
Sample 
Aberdare seam 
Bluff seam 
Four foot seam 
Rob Roy seam 
. . 
. . 
. . 
. . 
. . 
TA BLE 13-BLAIR ATHOL S EAM 
Calorific Value Calorific Value 
(air dried basis) Moisture Ash (dry mineral-free 
B.Th.U.  per cent. per cent. basis) B.Th.C.  
. .  l :! h l� tl . O  6 . 1  1 4:280 
TABLE 14-IPSWICH COALFIE LD 
( A .  K. Denmeacl-private co 'Tlmunication) 
Calorific Value Calorific Value 
(air dried basis) Moisture A<>h (dry mineral-free 
B.Th.U. per cent. pc.· cent. basis) B.Th .U .  
- -· -
. . 1 3040 1 . 6  8 -. I  146 10  
. . 10930 2 .3  HUl 1 42-W 
. .. 1 2950 3 . 1 1 l . l  1 5200 
1 1 140 2 .0 20. 1 1 4500 
The values on a dry mineral-free basis for the seams of this coalfield do not 
agree closely. This is to be expected in view of the wide range in composition 
of these coals, due to differences in rank which have been demonstrated previously 
(de Jersey, 1946, p. 12) . 
TABLE 1 5-CALLIDE COALFIELD (REID, 1 947 ) 
Sample 
Theiss' open-cut No. I 
" " 
Coal dump from shaft 
. . 
Harri.;' open-cut No.  1 
" " , 
. .  
. .  
. . 
. . 
L oading bin at No. 1 open-cut 
Calorific \' alue 
I (air dried basis) Moisture Ash B.1 h .U.  per cent. per cent. 
1 < 1 -!58 9. 1 1 1 .9 
h J�d2 8 . ii 1 ::! . 5 . 
l O.J.�tl R . S  1 2 . 8  
1 0::!20 !U 1 2 .  \) 
lOti�O R . 2  1 1 . 7  
10450 8.0 13 .4  
Calorific Value 
{dry mineral-free 
basis) B .T h . ll .  
13400 
1 3500 
1 3540 
1 3550 
1 3500 
1 3480 
24 THE CHEJIICA. L .-l ND PH 'J.'SIC.-l L PROPER TIES A ND CL.A SSJFI CI TION 
The results agree closely for all six samples, differing at most by only 75 B.Th.U 
from a mean value of 1 :3475 B .Th.U. This indicates that they are all very similar 
in rank. 
T ABLE 1 6-ROSEWOOll COALF I E LD ( RE I D , 1 922 ) 
Sample 
Caledonian Colliery 
,, .. 
" 
l't-rr,· 's :\ob Colliery 
.. . .  " 
Clencoe Colliery 
Edenbank Colliery 
.. . .  
Lanefield Colliery 
Sharp 's Colliery 
. . 
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. .  
. . 
. . 
. .  
. . 
. . 
. . 
. . 
. .  
. .  
. . 
. . 
. .  
. . 
Calori fic \'alue 
(air-dried basis )  
B.Th . C .  
1 1 40 1 
1 2 1 1 1-l 
UtiU7 
1 1  :!t i -l 
I u :� t iS  
] J ;) ( J ,) 
I o I 2 1  
I t 1 l 81 I 
1 :! 7 i iH 
I �S2.i 
I :!:l 7 .1 
Calorific \' alue 
:\IOLiture . \ s h  ( d ry mineral-free 
per cent . per c�nt. basis ) B.Th. l_: 
-----
4 6  Li . 2  1 4500 
3 .) 1 1 . 5  l -!41)1 1 
:u 9 . 1 1  l .J.-1.\J t l  
;) . S  u . u  1 4-t-20 
;) . !  1 7 . 5  1 4:370 
U . l 1 2 . 4  J 4 :Ho 
.J. . \:l 2:2 . .  ) 1 38 7 0  
."i . IJ 1 7 . 2  1 430ll 
8 . 8 \J . ..J. 1 .t 2HI I  
4 . H  8 A  
I 
l 4!l: . W  
4 . 2 8 . 8  u:no 
For this coalfield the calorific values on a dry mineral-free basis vary from 
1:3870 B.Th .C .  to 14920 B.Th.C . ;  however, the differences between samples from 
the same colliery are less and in some cases (e.g. , the samples from Caledonian 
colliery and Perry's l\ob colliery) are within the limits of experimental error. As 
will be shown in a later section, the calorific values of perhydrous coals such as 
the Rosewood coals are appreciably influenced by variations in petrological 
character as well as by rank, so that further investigation is necessary to determine 
which of these factors is responsible for the variations in the calculated values. 
TABLE 1 7  � B l' H. l\. l":\I COALFIELD ( DL'i':ST A K , 1 9 1 :� 1  
Sample 
Dundee Colliery 
Calo�ific Value j 
(air-dried basis) I B.ThT. 
� ���:: �-1 
I 
Moisture 
per cent. 
2 . 5  
2 .6  
Ash 
per cent. 
Calorific \'<�he 
(drv mineral-free 
basis) B.Th. l" 
!---- ! -- - -·---
.J. . 3  
.J. . O 
1 ."i0 2 t 1  
] ;)020 
The above results show that there is close agreement for samples from the 
same colliery, but insufficient data are available to show variation within the 
coalfield. -
A. consideration of the results from all the coalfields listed shows that there 
is usually but slight variation between samples from the same seam (taken 
throughout the areas in which the seams have been worked or prospected) . This 
is because lateral rank variation is sufficiently slight in most of the coalfields as 
to be inappreciable in such developed areas. This fact may be of value industrially 
in that it would be possible to calculate approximately the calorific value of coal 
from a given seam if the percenta�es of ash and moisture were known, the mean 
calorific value (dry, mineral-free basis) being known from previous results. In 
addition, correction of calorific values to a dry mineral-free basis is of importance 
in rank classification . 
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PETROLOGY 
METHODS OF STUDY 
In addition to variation in rank, due to different degrees of metamorphic 
evolution, coal also exhibits variation due to differences in the nature and degree 
of alteration of the plant material from which it was formed. The study of such 
variation is termed coal petrology by analogy with the study of other sedimentar�­
rocks and the constituents of the coal subsLu ::e are termed macerals by analogy 
with rock-forming minerals . 
The first dewlopment in coal petrology was the recognition of coal types 
corresponding to rock types-such as vitrain, clarain , durain , fusain and cannel ,  
which were distinguished mainly by m3.cro3copic c�1aracters. Definition of the 
macerals was a later development, owing to the fmeness of the plant debris 
constituting most coals. Several systems of maceral nomenclature have been 
proposed, but much of the consequent confusion has been removed by Seyler (1937) , 
who was able to define a small number of petrological units and to correlate closely 
the petrological and chemical compositions of coals. This represented an important 
advance as it enabled microscopic examination of the coal to be checked by chemical 
data. Seyler showed that all coals could be regarded as a mixture of three macerals : 
( 1 )  Vitrinite, (2) Fusini ce, and ( :�) Exinite. Exinite comprises components such as 
spore exines and cuticles which are readi ly distinguished by their morphological 
characters and colour in thin section, low reflectivity and high hydrogen content .  
Regarding vitrinite and fusinite it  has long been apparent from study of thin 
sections of coal that there is a gradual transition between these macerals ; from 
vitrinite the opacity gradually increases until the state of fusinite, opaque in the 
thinnest sections, is reached. Seyler has overcome the difficulty of. quantitative 
description of the " intermediates " between vitrinite and fusinite by regarding 
them as mixtures of the two macerals . The proportions of each in a sample can 
be determined by study of the reflectivity in polished sections and can also be 
found from the hydrogen content of the sample. The hydrogen content of vitrinite 
in bituminous coals is practically constant (5 .4 per cent . ) ; that of fusinite is close 
to 2 .3 per cent . By extrapolation using optical data, Seyler ( 19:37 ,  p. 288) found 
that the hydrogen content of pure fusinite was nearly constant, the mean value 
being 2.2:3 per cent . Similarly, Spooner ( 1937, p. 1 :34) found fusain purified b�­
nitric acid to- contain 2.3 per cent . of hydrogen. 
Applying this concept of the macerals to the classification of bituminous coals, 
Se�·ler grouped them into three classes according to the hydrogen content and the 
macerals present .  These are :-
(1 )  Ortho-hydrous coals (vitrains and clarains) which consist main!�- of 
vitrinite and have hydrogen contents close to 5.-t per cent. ;  
(2) Per-hydrous coals (black durains and cannels) which contain con­
siderable proportions of exinite and have hydro.sen contents higher 
than 5 . 4  per cent . ;  
(:3) Sub-hydrous coal� (grey durains and fusains) which contain con­
siderable proportions of fusinite and have hydrogen contents · lo .v"r 
than ;)..i per cent . · 
A further correlation between petrology and chemical composition was intro­
duced by Se�·ler's concept of " Volatile displacement . "  Seyler found that the 
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volatile matter of vitrinites could be calculated from the carbon and hydrogen 
contents bv the formula : 
V = 10 .61H - l .24C + 84. L3 ,  
all the data bein� expressed on the dry, mineral-free basis. For vitrinites the 
calculated and determined volatile matter agree well, but for the other macerals 
they differ by a quantity which Seyler has termed the " volatile displacement. "  
For both exinite and fusinite the determined value is greater than the calculated 
value, and the vola ' ile displacement is taken as positive. Consequently the volatile 
displacement may be used to detect the presence of macerals other than vitrinite 
and also, in conjun-::tion with the hydrogen content , to estim1.te their proportions 
in a coal sample. Seyler (1937 , p. 283) and later Mott ( 1948, p. 261) found that 
on plotting the volatile displacement against hydrogen for in termediates between 
vitrinite and fusinite, the points lay in a narrow band, the ends of which were 
represented by vitrinite (H 5...! , volatile displacement zero) and fusinite ( H  2 .3 ,  
volatile displacement 15.45) . This is  further confirmation that the intermediates 
behave as mixtures of vitrinite and fusinite as regards their proximate and ultimate 
analyses. However, this does not necessarily imply that all the properties of the 
intermediates show a straight-line relationship between vitrinite and fusinite .  For 
example, there is evidence to show that some intermediates  have very .different 
caking properties from mixtures of vitrinite and fusinite of equivalent chemical 
composition (Seyler, 1937, p. 301 ) .  
The simplification of ha\·ing only three macerals was achieved by disregarding 
the resinous matter in the coal or b_v including it with the exinite . Resinous 
matter (resinite) is usuallv present in small amount so that it may be neglected 
or, as it ic: ahn vs high in hydrogen, included with the exinite. However, Mott 
has shown ( l ! l+:-i. p. 15) that resinite has a negative volatile displacement, of 
opposite skn to f1at of the exinite, which suggests that it is distinct from the 
latter in constitution. Consequently in description of coals rich in resinous matter 
Seyler's macerals should be increased to four b�· determining the resinite separately. 
PETROLOGY OF THE COALS I� RELATION TO CHEMICAL COMPOSITION 
Previous work on the petrology of Queensland coals has been practically 
confined to investigations made by the writer. The methods used were (a) Study 
of thin sections, and (b) Study of the residues obtained after maceration with 
Schulz solution (nitric acid and potassium chlorate) . Thin sections were made of 
coals from a number of seams· in the Ipswich coalfield and also of the Blair Athol 
and Callide coals (de Jersey, 1946) . These enabled the general petrological character 
of the coals to be evaluated, and considerable information was also obtained from 
a study of maceration residues, the coals having been macerated with Schulz 
solution in order to study their microspore content. The amount of residue after 
treatment gives a measure of the proportion of exinite (cuticle and spore material) 
in the coal. A prelimim.ry studv of the micro.sp:Jres in the Permian coals has 
been published (de Jersey, 1947) and similar work of a preliminary nature, as yet 
unpublished, has been done on the Triassic and Jurassic coals. 
Application of Seyler's methods to the analyses has enabled correlation of 
chemical composition with petrological data obtained as outlined above. In the 
following table (Table 1 8) the volatile displacements of the coals studied, calculated 
from Seyler's formula V = 10.61 H - 1 .24 C + 84. 15 + 8 V where 8 V is the 
volatile displacement , are ginn together with the calculated and determined volatile 
matter and hydrogen content. All the results are on the dry, mineral-free basis . 
Sample 
Bowen seam, Collinsville 
Baralaba (bright coal) 
Blair Athol seam 
Blair Athol vitrain 
. . 
. . 
. . 
. . 
.\berdare seam {bright coal) 
Four foot seam (bright coal) 
Rob Roy seam (vitrain )  
Eclipse seam (bright coal) 
Four foot seam (durain ) 
Callide seam . . 
Callide (bri<.;ht layers ) 
Lanefield �o. 4 Colliery 
Lam•field Extd . ( 'q\l wt:v 
Lanefield seam vitrain 
J ubilee Col\inv 0 .  
Portland Coll il'n' . . 
Stvx No. 3 Coil ten· 
. . 
. .  
. . 
. . 
• 0 
• 0 
0 .  
. . 
. . 
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TABLE 1 8  
Volatile 
Geological Hydrogen Matter 
Age (Determined ) 
Permian 4 . 1 0  24.9 
, 4 .08 1 3 .6  
, 4 .47 34. 1 
, .) ..'iO 4 4 . 2  
Triassic ,) 50 37. 1 
, 5 . 110 37 .7  
" 5 . ;) ;) 37 .0  
, 5 . ;')2 30 .3  
, 5 . 1 4 29.9 
., -U S  36.5 
, 4 . :�2 OW . H  
Jurassic 6 .67 ;)0 .  7 
, 6 .72  49 .4 
" ;) _.!;) 38. 1 
Cretaceous .; n :32 . I 
, 6. 1 7  3(i . :3 
, ii .68 :n3 
27 
Volatile Volatile 
Matter Displace-
(Calculated) ment (SV) 
1 8. 5 6.4 
1 4 . 5  - 0. 9 
29 3 4 .8  
4 2 . 6 1 .6 
:35 .0  2 . 1  
36 . 4 1 .3 
36. 3 0 .7  
:n .6  •) -- - 1 
2 t! . 4  1 .5 
2 .! . 1 7 . 4  
:{ 2 . 0  8 .8  
52 .8  - :U  
53 . !1 - 4. 6  
:{S . 1  0.0 
37 .4  - ;) . 3 
4:3 . 0  - fi. 7  
39. 1 - 1 . 8  
The results are in good agreement with those obtained b v  Seyler for 
British coals. The volatile displacements of the vitrains and ortho-hydrous 
bright coals are small and vary from -0.9 to + 2.7 .  This variation is of 
the same order as in Seyler's results ( 19:37, p. 313) , which range froll). -2.35 
to + 2.32. On the other hand, samples which are known to be durains or splint 
coals have a characteristically high volatile displacement ; these include the Blair 
Athol and Callide coals. The Jurassic and Cretaceous coals all have negative 
volatile displacements which are for the most part too large to be entirely explicable 
by experimental error. Taken in conjunction with the high hydrogen contents, 
this suggests the presence of resinous matter in the coals, as Mott ( 1948, p. 15) 
has shown that coals rich in resin are characterised by high negative volatile 
displacements. 
As the methods used for detailed study of the petrology of the coals have been 
varied according to the individual .coals studied, each of the coals is described 
separately from this aspect below. For convenience they are · listed in order of 
geological age. 
Rmc•cJI seam, Collt'nsville-The specimens examined from this seam have the 
typical macroscopic characters of durain. Macerations of the coal (de Jersey, 
1947 , p. 1 1) showed that spores, resins and cuticle material are ·quite rare, and 
consequently the coal can be regarded as practically a mixture of vitrinite and 
fusinite . On the basis of the hydrogen content the sample analysed would contain 
58 per cent. vitrinite and 42 per cent . fusinite. Alternatively using the volatile 
displacement of the sample and of fusinite indicates a vitrinite content of 59 per 
cent . Study of the calorific values and caking properties of seam samples indicates, 
however, that seam sections contain more friable brighter coal, so that their 
composition would be closer to that of the bright layers analysed (C 86.86, H 4 . 83) .  
Baralaba-Specimens from this coalfield are of uniformly brilliant lustre and 
highly cleated appearance, indicating that they consist largely of clarain (bright 
coal) . This is confirmed by the low volatile displacement, which is within the 
limits Seyler found for vitrains. Study of maceration residues (de Jersey, 1947 , 
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p. 9) �as _
shown that exinite (spore and cuticle material) is quite rare in the samples 
exarr.mtu..  
Blair A thol (middle seam)-That this coal consists largely of durain or splint 
coal has already been made clear from study of thin sections (de Jersey, 1 946, p .  13) . 
:\lic rospore exines are prominent in some layers, but examination of maceration 
residues and of a number of thin sections suggests that they only constitute about 
5 per cent . of the ccal as a whole. The hydrogen c_ontent and volatile displacement 
indicate th<;lt the remainder of the coal can be regarded as containing 30 per cent .  
fusinite and 65 per cent . vitrinite .  
J psa. 'icli coals-.-\ paper has already been published on the petrology of the 
searr.s of this coalfield (de Jersey, 1946) . Little can be added to this except that 
spore fXines and cuticles have since been found in maceration residues of samples 
from the Tivoli stage. (The_v had not previously been found owing to the difficulty 
of preparing thin sections of these lower seams and the small areas consequently 
available for study. )  The general petrological composition of the coals approxi­
mates to : vitrinite, 80-90 per cent . ;  fusinite , 8- 15 per cent . ;  exinite , 2-5 per cent . 
The volatile displacement of a sample of durain from the Four foot seam confirms 
Mott 's conclusion ( 1 948, p. 24) that the hydrogen content is more accurate for 
determination of the petrological character than the volatile displacement . This 
is due to experimental errors and divergences from Seyler's formula which cause 
some variation in the volatile displacement even for pure vitrains. Thus the volatile 
displacement of the Four foot seam durain is only + 1 .5, a figure which is within 
the limits of variation for vitrains and bright coals . However, the hydrogen content 
(5 . 1 4  per cent . )  is distinctly lower than that of the associated bright coal, and 
would clearly indicate the durainous character of the material and enable estimation 
of the proportions of vitrinite and fusinite . 
· 
C allide coal-The durainous nature of this coal is clearly shown by its 
macroscopic character and appearance in thin sections (de Jersey, 1 946) . Study 
of thin sections and of maceration residues indicates that the coal contains very 
small proportions of resinite and exinite. �o spore exines were seen in the 
maceration residues ,  which consisted mainly of fusain and mineral matter, with 
rare cuticle fragments and resin bodies. Thus the coal consists almost entirely 
of intermediates between vitrinite and fusinite and the proportions of these macerals 
given hy the hydrogen contents are : 6 1  per cent. vitrinite and 39 per cent . fusinite .  
The hydrogen content and volatile displacement of the bright layers show that 
in spite of their appearance they are not pure ,·itrinite, but consist of intermediates 
of higher vitrinite content than the rest of the coal .  
Rosewood coals-Specimens from the Rosewood coalfield and also other Queens­
land Jurassic coals are characterised b�· the pitch-like lustre and conchoidal fracture 
which is typical of Cannel coals. Their canneloid nature is also indicated by their 
high hydrogen contents and volatile yields . Accordingly a method was devised 
for determining the proportions of such macerals in the coals by modifying the 
maceration method commonly employed for study of the microspore content of 
coals. The experimental method used was as follows : I gram of finely ground 
coal (minus 100 mesh) was mixed with I gram potassium chlorate and 25 ml. 
concentrated nitric acid added. After standing for some days at room temperature 
the residue was washed with water and then boiled with 5 per cent . potassium 
hydroxide. The residue was then washed by decantation with distilled water, 
dried and weighed . Oxidation of the humic matter takes place rapidly in the 
OF SOME Q UEENSLA ND COA LS 29 
initial stages ; after two days' maceration microscopic examination of the residue 
showed negligible amounts of hu:nic m1terial. After maceration of the Lan�fi.eld 
coal a considerable amount of light residue of specific gravity close to that of the 
nitric acid separated from the coal ; this was removed by careful decantation, 
washed with alkali and distilled water, dried and weighed. Microscopic examination 
showed it to consist almost entirely of resinous material. The remainder of the 
residue, after treatment with alkali , was found to consist largely of leaf cuticles 
with a s·mall proportion of microspore exines. 
It was found by treating the . sample with the Schulz solution for varying 
periods that the percentages of resin and exinite residues gradually diminished 
with increasing time of maceration. This indicates that these materials are slowly 
oxidised by the solution. When the percentages of these macerals (corrected for 
mineral matter) recovered after varying periods are plotted against time of macera­
tion, the points approximate to a straight line. Thus the oxidation of the resinite 
and exinite is progressive and their amount in the original coal can be obtained 
by extrapolating to zero time. It is necessary to plot the residue percentages 
after periods of two days and longer in order to disregard the rapid initial oxidation 
of humic matter. The results for a sample of Lanefield coal are given in Table 19 .  
Time o f  Maceration 
-------
Percenta�e of resinite residue 
-
Percentage o f  exinite residue 
. . 
. . 
. . 
. . 
T A BLE 1 9  
. . 
. . 
. . 
. .  
:! days 
I I  
I 9  
3 days .) days 
9 4 
l fi  l l  
They suggest that the sample contains about 24 per cent . exinite and 15 per cent. 
resinite . 
The high proportion of resinite is in agreement with the hi�h negative volatile 
displacements previously noted for these coals. The residue from maceration was 
not analysed on account of the likelihood of nitration. However, portion of the 
resinous matter was isolated from the coal by extraction with benzene for eight 
hours. The yield was 5 .0 per cent . on the dry mineral-free basis. This is much 
lower than the resinite content indicated by the maceration experiments and suggests 
that the resinite is only partly soluble in benzene at atmospheric pressure . 
It seems likely that the decreased solubility is due to increasing maturity and 
polymerisation of the resinous compounds. 
The benzene extract was a brownisl).-black brittle solid which softened below 
100° C .  A partial analysis gave the following results :-
Carbon . . . 85.77°,0 Fixed carbon . . . 2 1 . 8° � 
Hydrogen 8.02°� Volatile matter . . .  78 .2 ° �  
� o  increase in the percentage of benzene extract was observed after pre-heating 
the coal for four hours at 360° C. , so that in this respect the coal behaves differently 
from some torbanites and oil-shales. 
The composition of the exinite-resinite constituents was also investigated by 
an oxidation method. A sample of Lanefield coal was subjected to mild oxidation 
with hydrogen peroxide, by which treatment the humic portion was oxidised to 
alkali-soluble humic acids, the remainder of the coal being unattacked. After 
treatment with potassium hydroxide the residue was recovered b�· centrifuging. 
30 THE CHEMICA L .-lND PH YSICA L PROPERTIES A ND CLA SSIFICA TION 
The sample was treated alternately with hydrogen peroxide and alkali in this way 
until no more humic matter remained. Microscopic examination of the residue 
showed that the identifiable portion consisted largely of cuticle fragments, with 
some microspore exines. The residue was treated with hydrofluoric acid to remove 
most of the large amount of mineral matter it contained and then analysed. 
Ultimate and proximate analyses were as follows :-
Carbon 
Hydrogen 
Nitrogen . . .  
Sulphur 
Oxygen (by difference) 
Ash 
75.0 1 ° 0 l 
8 .3 1 ° 0 
0 .80° 0 �dry 
0 . 80° 0 basis. 
1 0 . i'i � 0  · 
4.31� 0 j 
Moisture 
Fixed carbon 
Volatile matter . . .  
Ash 
2. 1 %1 · 
17 .4% d
al� 
d 76.3% n� 
4_2% j basis. 
Ex_!)ressing these results on the dry, ash-free basis gave :-
Carbon 78. :39 ° �  
Hydrogen 8 . 68° 0 
Nitrogen . . . O.�W' 0 
Sulphur 0 . 84° 0 
Fixed carbon 18.6% 
Volatile matter . . .  81 .4% 
The above composition suggests that the residue was not appreciably oxidised 
during the process of separation . , Thus the hydrogen content is even higher than 
that of spore exines separated by physical methods from English coals (Macrae, 
1 ! 1-J.:) , p. 1 20) (7 .40 per cent . )  or from American coals (Sprunk and others, 1938, 
p. Hlf5) ( 7 .6  per cent .) . 
In order to gain some information on the constitution of the residue, portion 
of the sample was sub]e.:ted to controlled oxidation by alkaline potassium per­
manganate by the " carbon balance " method (Bone and Himus, 1936, p. 184) . 
?\early 90 per cent. of the sample was oxidised to soluble products in 56 hours, 
a time which is comparable with that required for oxidation of bright coals under 
the same conditions. The results were :-
Carbon as­
Carbon dioxide 
oxalic acid . .  . 
acetic acid . .  . 
non-volatile, non-oxalic acids 
unoxidized 
45.3% 
14.6% 
1 .8% 
28.2% 
l l .5% 
101 .4% 
The distribution of carbon in the soluble products was :-
Carbon as­
Carbon dioxide 
oxalic acid . .  . 
acetic acid . .  . 
non-volatile, non-oxalic acids 
50.4% 
16.3% 
2.0% 
31 .3% 
100.0% 
These results suggest that the constitution of the residue is partly benzenoid 
in character ; straight-chain acids are oxidized fairly rapidly under the conditions 
of the experiment and would not be likely to yield such a high proportion of 
non-volatile, non-oxalic acids. The low yield of acetic acid also suggests that 
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the molecular structure is highly condensed. As it has been shown that this residue 
can be readily oxidized by alkaline permanganate further work along these lines 
may supply more data on the constitution of such materials, concerning which 
there is little information available at present . 
A further indication of the proportion of exinite and resinite in the coal can 
be obtained from the hydrogen contents of the above materials, the coal sample 
and of normal bright coal (5 .4- per cent . ) .  Calculation by this method gives the 
proportion of exinite and resinite combined as 42 per cent . ,  a result which is close 
to that obtained by the maceration experiments (:39 per cent . ) .  Results of the 
same order are obtained by studying the carbon contents and volatile yields on 
a proportional basis. 
Cretaceous coals-Like the Jurassic coals, the Cretaceous coals studied are 
also characterised by high hydrogen contents and high negative volatile displace­
ments. Such features suggest the presence of exinite and resinite. The sample 
from the Portland colliery was studied by the maceration method described above, 
although in this case the resinitc and exinite were not determined separately. 
The combined yields of these macerals (corrected for mineral matter) after two 
and four davs maceration were 17 and l l  per cent. respectively, giving by extra­
polation the content of rc,; inite and exinite as 2:3 per cent. Microscopic examination 
showed that the residue consisted of leaf cuticles with a proportion of resinous 
material . The above proportion of perhydrous macerals agrees closely with that 
obtained by calculation hasecl on the hydrogen contents of these materials, the 
sample studied, and of normal bright coal. The macroscopic character of the 
coals is in accord with their petrological nature ; the Portland coal (H = 6. 17%) 
has a canncloid appearance (pitch-like lustre and conchoidal fracture) while the 
Jubilee coal (H = 5.73%) is closer to normal bright coal in appearance and has 
a more pronounced cleat and vitrain-like lustre. 
Sn.I!\L\RY oF RESl' LTS 
The petrological composition of the samples s tudied is summarised in the 
following table (Table 20) . 
Bowen seam 
Baralaba 
Blair Athol . .  
Ipswich co:1 l s  
Cal !ide 
Sample 
Lanefi.eld seam (Rosewood ) 
Portland Colli�ry ( Burru m )  
TABLE :! I I  
Durain 
Clarain 
Durain 
Clarain with some 
durain bands 
Durain 
Clarain 
Cia rain 
Vitrinite Fusinite 
% % 
:;s -! :!  
90 + < 1 0  
( \ .) :lO 
i-il l-:H l  8-1 5  
6 1  39 
lid 
(mainly vitrinite ) 
7 7  
Exinite and 
Resinite 
0/ 0 
< l 
< l  
5 
2-Ii 
< I  
40 
:! :1 
Study of the data snows that the coals arc divtsible into two groups on the 
basis of their petrological character. The Permian and Triassic coals are either 
ortho-hydrons or sub-hydrous and of low resinite content, while the Jurassic and 
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Cretaceous coals are perhydrous and contain important proportions of r�sinite a1_1d 
exinite. Also the Permian and Triassic coals have positive or low negative volatile 
displacements, while the Jurassic and Cretaceous samples are characterised by high 
negative volatile displacements.  
It is considered that these differences are due to differences ( 1 )  in the nature 
of the plants from which the coals were formed, and (:2 )  in the degree of maceration 
of the plant debris. Regarding ( 1 ) , conifers form an important proportion of the 
flora in the later coal measures while they are absent from or rare in the earlier 
deposits. Thus Jones and de J
'
ersey { 1 9-±'i) in a detailed examination of the flora 
d the Ipswich series (Triassic) did not recod an:y impressions of coniferous affinity, 
but in the succeeding Walloon coal measures (] urassic) conifer impressions (mainly 
the genera Brachyphyllum and Elatocladus) are abundant . Conifers are noted for 
their high content of resinous matter, and it is suggested that one of the factors 
responsible for the perhydrous character of the younger coals is their formation 
from vegetation containing a considerable proportion of coniferous trees. Also it 
�eems likely that the large proportions of leaf cuticles in some of the Jurassic and 
< · retaceous coals originated at least partly from conifer leaves. 
The second factor suggested as responsible for the perhydrous character of 
the coals is their accumulation in an environment producing relatively slight 
maceration of the plant debris. This would allow accumulation of the perhydrous 
macerals and also would reduce maceration and consequent reduction in hydrogen 
content of the accompanying humic matter. 
RANK AND CLASSIFICATION 
Ultimate analysis, which was used as early as 1837 by Regnault in classifying 
coals, is still recognised to be the most widely applicable property for rank and 
type classification. The carbon content (dry ash-free or dry mineral-free basis) 
is well known for its use in rank determination and may be used alone, or plotted 
against oxygen .or hydrogen . Hickling ( 1 926) plotted carbon against oxygen (dry, 
ash-free basis) for 1200 American coals and found that the points were evenly 
distributed in a narrow band of uniform width. The mean line through the middle 
of this band was practically straight up to 89 per cent . carbon ; for coals of higher 
carbon content it curved towards the oxygen axis. Although this method has 
been used extensively for coals and other carbonaceous materials, the importance 
of the linear nature of the curve up to 89 per cent . carbon has often been exaggerated. 
On a sulphur-free basis oxygen = 100 - (C + H + N\ and since there is little 
variation in the hydrogen and nitrogen contents, the plot of carbon against oxygen 
i;; bound to be close to a straight line, since C is, in effect ,  plotted against 100 -C .  
\\'here the line curves towards the oxygen axis , this i s  merely an indication t hat 
the hydrogen content is decreasing as it does for high-rank coals. Consequently 
it is more logical to plot carbon against hydrogen directly and this has been done 
for the coals studied (Text-Fig. 3) . 
Of especial interest are the points for the vitrains and clarains of high vitrain 
content . Seyler ( 1 937,  p. 265) showed that the hydrogen content of vitrains only 
varied between 5.0 and 5 .5  per cent . up to 89 per cent . carbon. The hydrogen 
content of the Queensland vitrains and clarains also varies between narrow limits, 
the mean value for seven samples of this rank being 5.55 per cent . ,  from which the 
maximum deviation is 0 . 1 8  per cent.  While the hydrogen content is thus 
practically constant up to 89 per cent . carbon, Seyler 's curves show a rapid decrease 
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in hydrogen after that value. This is well illustrated by comparing the Eclipc;;e 
(Ipswich) clarain (C 88.55, H 5.52) with that from Baralaba (C 91 .09, H 4.0d\ . 
In addition to the carbon content , the volatile yield and calorific value (dry 
mineral-free basis) are also of use in rank classification. Their value may be 
summarised as follows : ( 1 )  The carbon content (dry mineral-free basis) is an 
accurate measure of rank provided that the sample is a vitrain or clarain of high 
vitrinite content. For other types it is only an approximate measure of ra :tk 
and for such coals the carbon content of the associated vitrain should be determined 
if possible. (2) The calorific value (dry mineral-free basis) similarly can be used 
for samples high in vitrinite. Also Mott has shown ( 1948, p. 33) that the calorific 
value of sub-hydrous durain differs very little from that of the associated brig , lt 
coal, so that it can also be used as a measure of rank for such coal types. However, 
for per-hydrous coals the difference is considerably larger, and other properties 
should be used for precise rank determination. (3) The volatile matter (dry mineral­
free basis) can only be used as a measure of rank for samples high in vi trini te. 
However, when used in determination of the vohtile displacement it provides 
data on the pc.'trology of the sample so that durains may be detected from the 
anah·ses. 
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Mott ( 1948) has enlved a classification on the basis of these properties and 
has used rangE s of volatile matter and calorific value (dry mineral-fre� basis) for 
classifying bright coals. As this is the latest and most comprehensive classification 
available, it ha<> been applied to the Queensland coals and the result given in 
Table 2 1 ,  in which the coals are arranged in order of decreasing rank. As the 
coals vary in rank within the coalfields, there is considerable overlap and the order 
is only approximat�. The available data are incomplete and further values for 
V and Q are needed to define accurately the ranges of variation in the different 
coalfields. Com:equently no attempt has been made to place the coals in the 
subdivisions of Matt's classification, the classification being taken only as far as 
the divisions. In addition, many of the coals are sub-hydrous or per-hydrous, 
and can only be placed approximately in a classification devised primarily for 
ortho-hydrous coals. 
Coalfield 
Baralaba 
Bluff 0 .  
0 0 
0 0 
'J ivoli stage (North 
Ipswich) 
Hurrum 
Collinsville 
St\·x River 
0 0 
0 0 
0 0 
Blackstone stage 
( Ipswich) 
Mount Mulligan 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
Rose,, ood (Walloon) 
Age 
Permian 
Permian 
Triassic 
Cretaceous 
Permian 
Cretaceous 
Triassic 
Permian 
J urassic 
TABLE 2 1  
v Q 
(Volatile (Calorific 
Matter Value 
D .M . M . F . ) D . i\I . M . F . )  
9-1 6  1 5700-
1 5300 
(o�.� valuf' 
lli-!40) 
8-1 -!  (not 
av<J ilable) 
25- 3 1 1 5900 
(Eclipse 
scam ) 
28-36 1 5Hi JO--
1 51 !01) 
2 1-2 8  1 5600-
1 4900 
2H- :>i l 52i}0--
1 4500 
· --· 
30-±0 I r> :: ;) I J-
14�.)1) 
30-35 I ..J.I) , , , , __ 
1 4vVO 
43-51 1 5250-
1 :1 \H ;() 
Predominant 
Type Classification 
Clarain Semi-anthracite 
grading into low-
volatile 
bitUn•lllOUS 
Clarain Semi-anthracite 
Mainlv clarain with Medium-volatile 
some duraid bands bituminous 
1\-J ixture of clarain Ortho- and per-
and per-llydt ous hydrous 
dura in lli �h -volatile 
uituminous A-C 
:\J i:-..ture of clarain Sub-hydrous 
and sub-hydr ous high-volatile 
durain bituminous A-D 
Mixture of clarain Ortho- and sub-
and sub-hydrous hydrous 
durain high-volatile 
bituminous C-E 
Clarain with vari- High-volatile 
able proportions of bituminous l'- F  
sub-hydrous durain 
Su lJ-hvdrous durain Su b-hydrous 
with s"ome clarain high-volatile 
bands bituminous E-G 
' 
l.)er-hydrous . Per-hydrous 
clarain high-volatile 
bituminous D-F 
Coalfield 
Injune (Walloon) 
Oakey (Walloon) 
Blair Athol . .  
Call ide . .  
. .  
. .  
. . 
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TABLE 21-continued 
v Q 
(Volatile (Calorific Predominant 
Age Matter Value Type Classification 
D.M:M.F. )  D.M.M.F . )  
Jurassic 46-59 14700- Per-hydrous Per-hydrous 
14400 clarain high-volatile 
bituminous E-F 
Jurassic 47-50 (not Per-hydrous 
available) cia rain 
Permian 34-40 14280 Durain Sub-hydrous 
(middle hi�h-volatile 
seam) bituminous F 
Triassic 33-37 13550- Durain Sub-hydrous 
13400 lignitic 
The above rank classification provides a basis for study of the relationship 
between rank and the geology of the coalfields. The metamorphic factors 
available to produce increase in rank are time, thickness of overlying rocks, 
igneous intrusions and earth movements. In the following table (Table 22) these 
factors are summarised for the major coalfields, the coals being arranged in order 
of increasing rank. The occurrence of i;:;neous intrusions has not been recorded, 
as only in one coalfield (Collinsville) are there extensive intrusions, and in this 
case analytical data suggest that the coal has only been affected in the immediate 
neighbourhood of the intrusive sills . 
Coal 
Call ide 
Blair Athol 
. . 
. . 
. . 
. . 
Rosewood } Walloon 
In j une 
Blackstone stage, Ipswich 
Styx River 
Collinsville 
Burrum 
. . 
. . 
. . 
. . 
. . 
. . 
Tivoli stage, Ipswich 
Baralaba . . 
--
. . 
. . 
. .  
. . 
. .  
. . 
. .  
. . 
. .  
TABLE 22 
Rank Age 
lignitic Triassic 
high-volatile Permian 
bituminous F 
high-volatile Jurassic 
bituminous D-F 
high-volatile Triassic 
bituminous C-F 
high-volatile Cretaceous 
bituminous C-E 
high-volatile Permian 
bituminous A-D 
high-volatile Cretaceous 
bituminous A-C 
medium-volatile Triassic 
bituminous 
semi-anthracite Permian 
grading into low-
volatile 
bituminous 
Probable 
Maximum Nature of 
Overburden Earth 
(Feet) Movements 
--
1000 ? . Strata practically 
hori7.ontal 
2000 , , " 
2500 , , 
2000 Gently folded 
1000-2000 ? 
(average dip 10° ) 
, , , 
12000-13000 Gentlv folded 
2000 
(average dip 5-7° )  
Gently folded 
4000 
(average dip 1 0° )  
, , , 
1 000 + Severely folded 
and faulted 
(average dip 40°) 
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A study of this evidence suggests that geological age alone has little bearing 
on the rank of the coals. For example, the Cretaceous Burrum coals, although 
considerably younger than the Blair Athol Coal (Upper Permian) are clearly of 
higher rank. Such Queensland examples are in agreement with data from other 
parts of the world, and many examples have been quoted, including such coals 
as the Tertiary anthracites of the United States and of New Zealand, and the 
Carboniferous brown coals of the Moscow basin . 
The effect of thickness of overlying rocks in advancing rank is well known 
and has been embodied in Hilt's law, which states that rank increases progressively 
with stratigraphic depth . The metamorphic effect is due to increased pressure 
and earth temperatures . The best way of testing Hilt's law is to study a series 
of seams from one coalfield, care being taken to minimise the effect of type variation 
by using samples of vitrain or clarain of high vitrinite content . This has been 
done for the Ipswich coalfield, for which the carbon contents of four vitrains and 
clarains, together with their relative stratigraphic depths, are given here (Table 23) . 
Aberdare 
Four foot 
Rob Rov 
Eclipse · 
Coal Seam 
T .\ BLE 23 
Carbon Content 
(D.M.M.F . )  
83.26 
84. 74 
84.9:2 
88.55 
Stratigraphic Depth 
Below Aberdare Seam 
(Feet) 
0 
350 
440 
2020 
There is a close relationship between carbon content and stratigraphic depth, 
the carbon content increasing by about 0.3 per cent . for 100 feet increase in depth. 
This indicates that differences in rank in this coalfield, which the writer has 
previously demonstrated (de Jersey, 1946, p. 12) are due to differences in thickness 
of overburden. A further conclusion which can be inferred is that the rate of 
increase in rank becomes less at greater depths ; from the Aberdare seam to the 
Four foot seam the increase is 0.42 per cent .  carbon per 100 feet , while from the 
Rob Roy to the Eclipse seam the increase is only 0 . 19 per cent .  carbon per 100 
feet .  Also the ·carbon contents of the Collinsville coals are no greater than those 
of the Tivoli (Ipswich) coals, although they were probably overlain by a further 
thickness of about 8000 feet of strata. These observations suggest that the effects 
of overburden pressure slow up as the rank of the coal rises. 
While the influence of overburden on rank increase thus becomes much less 
for the high-rank bituminous coals, there is another factor which may advance 
the rank further. This is metamorphism due to the increased pressures and 
temperatures in earth movements. The highest rank Queensland coals are in the 
Baralaba and Bluff coalfields, where the strata have been severely folded, faulted 
and overthrust . The effect of such intense tectonic processes has been greater 
than that of many thousands of feet of overburden, and has increased the carbon 
contmt to about 91 per cent . ,  while at the same time the decrease in hydrogen 
which is characteristic of the anthracite-forming stage has occurred. 
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COLLOIDAL PROPERTIES 
METHODS OF STUDY 
Although evidence has accumulated over a long period that the organic portion 
of coal has the physical properties of a colloid, it is only in recent years that 
quantitative study has been made of such colloidal properties. It is now generally 
accepted that " coal is interspersed by pores or capillaries of various sizes which 
give it a sponge-like structure " (King and Wilkins, 1944, p. 46) . Coal has thus 
an internal volume and internal surface represented by the volume and surface 
area of the capillaries .  The term porosity is also used to denote the internal 
volume. 
One method of comparing the porosities of coals is by sorption of liquids. 
This property is illustrated by the fact that air-dried coals retain varying amounts 
of moisture, termed inherent moisture as distinguished from adherent, or surface 
moisture. As it is retained in fine capillaries, this inherent moisture has a lower 
vapour pressure than the surface moisture and does not evaporate under normal 
atmospheric conditions as does the latter. If samples are allowed to come to 
equilibrium with atmospheres of varying humidity, they retain different percentages 
of moisture, the maximum inherent moisture being attained when all the pore 
spaces capable of adsorbing water are occupied. The maximum inherent moisture 
thus gives a measure of the total internal volume, or porosity of the coal. The 
fact that the moisture retained depends on the relative humidity indicates that 
the capillaries vary in diameter and consequently in the extent to which the vapour 
pressure is depressed. 
Much work has been done by plotting sorption curves of moisture against 
relative humidity for different coals. Curves may be plotted by exposing the coal 
to atmospheres of gradually increasing humidity or by the reverse process. It 
has been found that the results depend on which method is adopted, and that at 
any given humidity the coal retains more moisture in the desorption process (removal 
of water from the saturated coal) than in the reverse adsorption process. Thus 
two curves, a desorption and an adsorption curve are obtained. (King and Wilkins, 
1944, Fig. 4.) The diagrams can be used fm; dete�ination of maximum inherent 
moisture by plotting the curves to about 90 per cent. relative humidity, and 
extrapolating to 100 per cent. (Determinations cannot be made in a saturated 
atmosphere owing to the possibility of condensation of moisture on the surface 
of the coal, giving results which are too high.) This method has been used 
extensively in America, but the results are only approximate owing to the general 
flatness of the curves between 90 and 100 per cent. relative humidity. 
A method has recently been developed by Dulhunty (Dulhunty; · 1947) which 
is superior to previous methods in that the results obtained approximate to absolute 
values for bituminous and anthracitic coals . Accordingly this method has been 
used for the determination of maximum inherent moisture in the Queensland coals, 
the results obtained being used as a measure of the porosities of the coals for 
study of the relation of porosity to other properties. As this method has been 
modified to some extent a description of the writer's apparatus is given below. 
Dulhunty's method is based on the fact that the vapour pressure of inherent 
capillary moisture is sub-normal, while that of adherent (surface) moisture is normal. 
Thus if wet, saturated coal is maintained at a constant temperature under a 
pressure \\'hich will just allow water to vaporise at that temperature, adherent 
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moisture with normal vapour pressure will pass to vapour, but inherent mois�ure 
with subnormal vapour pressure will remain in the coal and can be determmed 
by drying at 105° C. in the usual manner. 
STIAREA 
HEA TER 
FIG. 4 
T!IER/'10NETER 
OAl DA YING TUBE 
STAl8 UTOA 
BOTTLE 
The apparatus is illustrated diagrammatically in Text-Fig. 4. A glass tank 
filled with water was used, the water being maintained at a constant temperature 
(:1-: 0.02° C.) slightly above room temperature (20 to 30° C. )  by a thermostat and 
elechi-: heater and slowly stirred by a mechanical stirrer. The temperature was 
recorded by a thermometer graduated to 0.01 o C. The distributor (completely 
immersed in the water bath) consisted of a small glass bottle (volume 100 ml.) 
supported vertically and ·sealed with a rubber stopper. Five coal-drying tubes 
(3 x i inch) were fitted with rubber stoppers and attached to the distribntor by 
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copper tubes (-fir inch diameter) bent over and passing through the stopper of the 
distributor. Through the distributor stopper also passed two glass tubes leading 
to the air inlet and outlet. Air entering the apparatus passed through a water 
bubbler and then through the air inlet tube dipping below the water in the 
distributor. The rate of flow was regulated by screw clips on pressure tubing. 
The outlet tube extended just below the distributor stopper and was connected 
to a metal filter pump capable of reducing the pressure to 5 mm. of mercury below 
the vapour pressure of water at the temperature of the water-bath. Pressure was 
regulated by screw-clips on pressure tubing and there were side connections through 
T-pieces to a mercury manometer and a water manometer arranged to record 
changes in pressure. 
When the apparatus is in operation, the distributor bottle is half full of 
distilled water. Air entering the apparatus is first saturated at room temperature 
a.nd pressure by bubbling through water and on bubbling through the water in the 
distributor becomes saturated at the pressure and temperature maintained in the 
apparatus. The main purpose of this slow stream of air is to assist in maintaining 
constant reduced pressure. \Vater vapour coming from the wet coal in the coal 
tubes passes into the upper part of the distributor and is drawn off with the 
saturated air through the air outlet. 
The method was first developed using granular coal (k to -h inch) , but the 
writer has found that it can be applied to minus 100 mesh samples, the results 
agreeing within experimental error with determinations on granular samples. 
Consequently the method could be applied to seam samples crushed below i inch. 
The coal is saturated by immersion in water in the coal tubes for at least seven 
days ; for low rank coals precautions must be taken to avoid drying below 90 per 
cent relative humidity after the sample is taken from the seam as irreversible 
changes in physical structure occur on further drying (Dulhunty, 1946, p. 22) . 
However. Dulhunty and the writer have found that such irreversible changes are 
negligible for coals of bituminous rank (up to about 25 per cent. max. inherent 
moisture) which range includes all the coals studied here. Consequently the coals 
were saturated by immersing the air-dried samples in distilled water. 
After about seven days' immersion the excess water was poured out of the 
coal tubes which were then attached to the distributor which was half filled with 
water. The water bath was then brought to a steady temperature slightly above 
that of the room by adjusting the heater and thermostat. The technique of 
carrying out the drying process is described in detail by Dulhunty (19-:1:7 , p. 64) . 
At the completion of the process the coal samples were transferred to dry, previously 
weighed, glass stoppered weighing bottles . The weighing bottles were again weighed 
and the samples dried to constant weight in a vacuum oven at 105° C. In this 
way oxidation which occurs in an air-drying oven was avqided. The maximum 
inherent moisture was calculated from the loss in weight on oven-drying, and 
expressed as a percentage of the weight of dry coal remaining in the weighing 
bottle . The writer's duplicate determinations confirmed Dulhunty's results, which 
indicated that the values obtained are reproducible to within 1-2 per cent. of the 
percentage of maximum inherent moisture. 
After the determinations described above were completed, it was decided to 
study the nature of the results obtained by changing the liquid used. Accordingly 
the adsorption of methanol was studied as this liquid has been used so extensively 
in heat of wetting determinations. Soine modification in the apparatus used for 
maximum inherent J?Oisture determinations was necessary and the main changes 
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were as follows : The distributor bottle was half filled with methanol instead of 
water and the coals were saturated with methanol by immersing air dried samples 
in methanol, changed every two days, for a period of two weeks. Some samples 
were also saturated by first drying in the vacuum oven, and then immersing in 
methanol for the same period. The results obtained by the two methods agreed 
within experimental error. 
As the vapour pressure of methanol at about room temperature is considerably 
higher than that of water, the · change in pressure corresponding to a change from 
100 to 99 per cent. saturation was sufficiently large to be read accurately on the 
mercury manometer, and accordingly the water manometer was unnecessary. In 
addition it was found that the pressure could be kept sufficiently constant without 
the air inlet arrangement, and so this was also removed from the system. In its 
place a glass tube sealed at one end and drawn out to a narrow opening at the 
other end was inserted through the distributor stopper so that its open end was 
about 2 em. below the surface of the methanol in the distributor bottle. It was 
found experimentally that at the equilibrium pressure the methanol inside the tube 
was level with the surface of the methanol in the distributor. With decreased 
pressure the level of the methanol fell until eventually bubbles of vapour rose from 
its open end. Consequently the constancy of the pressure maintained could be 
checked at any time by observing the level of the methanol in this tube. In other 
respects the determinations were made in a similar manner to the inherent moisture 
determinations. The results of both sets of determinations are summarised in 
Table 24. 
Sample 
Bowen seam, Collinsville 
Bowen scam (bright layers) 
Bar ala ba ( clarain) 
Blair Athol (seam sample) 
Blair Athol, vitrain . .  
Aberdare seam (clarain )  
Four foot seam (clarain) 
Rob Roy seam (vitrain) 
Benley seam . .  
Eclipse seam (clarain) 
Four foot seam (durain) 
Callide open-cut 
Callide (bright layers) 
Lanefield No. 4 Colliery 
Lanefield vitrain 
J ubilee Colliery (Burrum) 
Portland Colliery (Burrum) 
Styx State Colliery 
TABLE 24 
Maximum Inherent 
Moisture 
(% on Dry Coal) 
2 .03 
2 .30 
3 . 7 1  
1 6.55 
17 .24 
4 . 18  
3.48 
3 .23 
3 .24 
3 .28 
3 .01  
1 7 .57 
20.61 
6 . 14  
1 2 . 1 3  
3 .24 
2.55 
4.38 
Maximum Inherent 
Methanol 
(% on Dry Coal) 
4.09 
5 . 1 1  
6.49 
23.85 
13 .23 
8 .77 
6 .65 
6 . 1 \J  
6.55 
24.96 
10 .84 
20.85 
6.77 
10.47 
During the course of the maximum inherent methanol determinations, the 
rate of penetration of the capillaries by methanol was also investigated. This was 
done primarily to determine the period of immersion required for saturation of 
the coal, but as information bearing on the internal structure in different ranks 
of coal has been obtained, a description of the method and results will be given . 
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One sample (Eclipse seam clarain) was studied in detail. Granular samples 
(! to n inch) were dried to constant weight in the vacuum oven and then �mmersed 
in methanol for different periods. After completion of the period of immer­
sion they were removed and inherent methanol determined by Dunningham's 
blotting paper method. It was necessary to use this method instead of Dulhunty's 
method in this case in order that the time of drying should be small in comparison 
with the time of immersion. There is little difference, however, between results 
obtained by the two methods for coals of this high rank. The results are given 
in Table 25. They show that the capillaries of this coal are penetrated only slowly 
by methanol ; the maximum inherent value is attained after 2-3 days immersion 
at room temperature. Further work was done to compare the rate of penetration 
in different coals. 
TABLE 25 
Inherent Methanol 
Time in Hours (Eclipse Sample) 
(% on Dry Coal) 
2 1 .38 
3 .8  2 .20 
16 .5  5.35 
69 6.82 
Inherent methanol determinations were made on samples of different coals 
after a standard period of two hours immersion at room temperature. The results 
are given in Table 26. From the results it is clear that while only about 15-30 per 
Sample 
Bowen seam, Collinsville 
Blair Athol seam 
Aberdare seam 
Four foot seam 
Eclipse seam 
Lanefield No. 4 Colliery 
Lanefield vitrain 
Portland Colliery 
TABLE 26 
Maximum Inherent 
Methanol 
(% on Dry Coal) 
2.03 
23.85 
1 3.23 
8 .77 
6 .55 
10.84 
20.85 
6 .77 
Inherent Methanol 
After Two Hours' 
Immersion 
(% on Dry Coal) 
0.85 
23.85 
4.32 
1 .37 
1 .38 
2.34 
20.85 
1 .58 
cent. of the internal volume is penetrated in two hours in the high rank coals, in 
the low rank coals of high porosity the whole of the internal volume is penetrated 
in two hours. This confirms work carried out by the British Coal Utilisation 
Research Association on true and apparent densities of coals. The explanation 
then advanced (Franklin, p. 10*) for the different permeabilities of different coals 
was as follows : " Since the mean pore diameter in all coals is approximately the 
same while the permeability varies widely, the assumption that · the pores in coal 
are uniform along their length is evidently not justified. The present results suggest 
that the pores contains numerous fine constrictions, and that the properties of 
* The true and apparent densities of coals (Unpublished B.C.U . R.A. report) . 
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coals are determined by the size and frequency of these constrictions rather than 
by the mean pore diameter. On this hypothesis the pore system is most high�y 
constricted in coals containing between 89% and 93% carbon and most open m 
low-rank coals of high porosity." The writer's results support these conclusions 
and indicate that the extent of constriction of the pore system is inversely related 
to the porosity. 
It is evident that all the results described in this section will be affected if 
mineral matter seriously affects the colloidal properties. This point has been 
studied by Dunningham (1943) along the following lines (p. 68) : " In order to 
check this point inherent moisture was determined on five coals by the blotting 
paper method, using (a) as received coal, (b) coal floated at 1 .60 s.g. , and (c) coal 
from which Yisible shale had been hand-picked. The moisture content of (d) picked 
shale and (e) sinks at 1 .60 s.g . ,  was also determined after the thoroughly wetted 
material had been dried on blotting paper. It will be seen that the presence of 
ash in the samples has no appreciable or consistent effect upon the inherent moisture 
of the coals used. "  These results indicate that comparisons may be safely made 
between coals of varying mineral matter content, the effect of mineral matter being 
negligible, if low-ash coals are studied. 
DISCUSSION OF RESULTS AND CORRELATIO� WITH RANK AND PETROLOGY 
On comparing the results of maximum inherent moisture and methanol deter­
minations on the same coals (Table 24) it is evident that, even allowing for the 
lower density of methanol, this liquid occupies about twice the volume per unit 
weight of dry coal as does water. This larger volume is due to the greater surface 
compression accompanying adsorption of methanol, which has been demonstrated · 
by Franklin (p. 7)  as a result of measurements of true and apparent densities. 
This results in an increase in the diameter of the pores sufficient to increase the 
pore volume per unit weight of coal substance to approximately twic'e that in the 
case of water. As the surface compression is linearly related to the heat of wetting, 
which in turn is a function of the porosity, the maximum inherent methanol, like 
the maximum inherent moisture, is a function of the porosity. However, as the 
surface compression for water is very low, the maximum inherent moisture approxi­
mates numerically to the porosity, especially for bituminous coals of low rank. 
For higher rank coals (89-93 per cent. carbon) the B.C.U.R.A. work on true and 
apparent densities has shown that water, on account of its high surface tension 
and its low affinity for the coal surfaces, is totally excluded from a part of the pore 
space. Consequently the maximum inherent moisture is not a true measure of 
the porosity for such high rank coals. Methanol, on the other hand, penetrates 
the entire pore space of all the coals studied, and thus the maximum inherent 
methanol is a function of the porosity for the whole range of coals investigated. 
Thus for comparing the porosities of different coals it is advisable to use the results 
from both liquids, so that one may be a check on the other. 
In Text-Fig. 5 maximum inherent methanol has been plotted against maximum 
inherent moisture for the coals studied, and the samples classified as petrological 
types. It is evident that there is no clear relationship of the points to petrology. 
Similarly no clear relationship of the points to the rank of the vitrains can be 
detected, although this may be due to study of an insufficient number of samples. 
For correlating porosity with chemical rank it is necessary to use results for 
samples of vitrinite, or bright coals of high vitrinite content, in order to avoid 
complications due to differences in petrology. The results for eight such samples, 
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together with their carbon contents, are given m Table 27 and m Text-Fig. 6 
maximum inherent moisture is plotted against carbon content. 
Sample 
Blair Athol vitrain . . 
Aberdare seam clarain 
Lanefield vitrain . . 
Four foot seam clarain 
Rob Roy seam vitrain 
J ubilee Colliery clarain 
Eclipse seam clarain 
Baralaba clarain . . 
. 
. .  
. . 
. . 
. . 
. .  
. . 
. . 
. .  
TABLE 27 
Carbon Maximum Inherent Maximum Inherent 
(Dry i\I .F.  Moisture Methanol 
Basis) (% on Dry Coal) (% on Dry Coal) 
80.52 1 7 . 24 -
83.26 4 . 18  1 3.23 
83.70 1 2 . 1 3  20.85 
84.74 3.48 8 .77 
84.'92 3 .23 6 .65 
86.6S 3.24 -
88.55 3 .28 6 .55 
9 1 .09 3 .7 1 6 .49 
The variation of maximum inherent moisture with rank as determined by 
carbon content is in general similar to the results obtained by Dunningham (1944) ; 
4!  THE CHEMICAL A ND PH YSICA L PROPERTIES A ND CLA SSIFICA TION 
the maximum inherent moisture decreases with increasing rank up to about 89 per 
cent. carbon, after which it increases again as shown by the sample of highest 
carbon content. The decrease in maximum inherent moisture coming from the 
1 ow rank ccals is a consequence of increasing pressure and temperature which cause 
a closing up of the pore . structure and decreased internal volume ; the increase 
again from the minimum at 89 per cent. carbon is evidently associated with the 
escape of volatile matter during the anthracite-forming process. The fact that 
the points for the samples of carbon content 84-91 per cent. lie on a smooth curve 
suggests that the maximum inherent moisture gives a fair measure of relative 
porosity and that the error due to the exclusion of water from part of the pore 
space does not affect the results (on a relative basis) to any serious extent. This 
is probably due to the fact that nearly all the samples are below the range of rank 
in which the percentage of porosity unoccupied is greatest (89-93 per cent. carbon) . 
While the above general relationships hold, study of Text-Fig. 6 and of 
Dunningham's graphs shows that there are a number of " abnormal " coals below 
85 per cent. carbon, points for which lie well off the curve for the majority of 
samples. This is well illustrated by the Lanefield vitrain sample (C. 83.70, max. 
inher. moisture 12.13) which has an abnormally high porosity in comparison with 
other samples of nearly the same carbon content, such as the Aberdare bright coal 
(C .83.26, max. inher. moisture 4 .18) .  Two further examples of similar chemical 
rank and different porosity are the Four foot bright coal and the Rob Roy vitrain. 
Such observations indicate that the physical rank of coal, as measured by its 
porosity, is not necessarily the same as its chemical rank, as measured by its 
carbon content. This is in agreement with a suggestion_ made by Dulhnnty (1947, 
p .  133) " that rank is a complex factor involving two separate components which 
may be termed chemical and physical ranks."  
Dulhunty further suggested reasons for differences in chemical and physical 
rank of different coals. He suggested (p. 134) : " Somewhat elevated earth 
temperatures advance chemical rank more than physical rank. If pressure is 
high, and temperature low, physical rank 'is advanced more rapidly than chemical 
rank. Normal conditions of burial in the earth's crust result in more or less 
parallel advancement of both forms of rank ; but one may become more advanced 
than the other if abnormal conditions favour its development."  A study of the 
geological conditions affecting the Queensland occurrences gives additional evidence 
on factors influencing physical rank. Considering the two samples of similar 
chemical rank quoted (Aberdare bright coal and Lanefield vitrain) , the probable 
maximum overburden was of the same order in each case, as far as can be estimated. 
However, there is a marked difference in the folding of the strata ; the Rosewood 
coal measures are almost horizontal and practically undisturbed, while in the Ipswich 
coal;field the strata have been folded and faulted in a complex manner, their average 
dip in the collieries being of the order of 10° . Thus it is evident that the physical 
rank of the Aberdare seam has been markedly increased by the lateral pressures 
deve oped in earth movements, which have, however, had a negligible effect on 
its chemical rank in compari son with the Lanefield seam. A similar phenomenon 
has been reported by Dunningham for British coals. He stated (1944, p. 63) : 
" This curve shows that the Staffordshire coals contain 1 to 2 per cent. less water 
than coal of other fields. This rna y . be due to the high pressure to which seams 
in this highly faulted and disturbed field have been exposed."  It may be concluded 
generally that increased pressure, particularly lateral pressure developed in earth 
movements, increases physical rank more rapidly .than chemical rank. 
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Regarding the relation of porosity to petrology, comparison may be made 
between the per-hydrous and sub-hydrous coals and vitrains or bright coals from 
the same seam or of the same rank. This shows that the porosity of the sub­
hydrous coals (consisting mainly of intermediates between vitrinite and fusinite) 
is about the same as, or slightly lower than, that of vitrains of the same rank. 
Typical examples are the Blair Athol durain and the vitrain from the same seam, 
and the Four foot durain and bright coal. This means that the porosity of a 
sub-hydrous coal can be used as an approximate measure of the physical rank 
46 THE CHEMICA L A ND PHYSICA L PROPERTIES A ND CLA SSIFICA TION 
of its seam in comparison with vitrains and bright coals. For per-hydrous coals, 
however, the porosity is markedly less than that of the associated vitrains. This 
is illustrated by the Lanefi.eld coal and the vitrain from the same seam, and also 
by the Portland sample and the Jubilee colliery bright coal, which are nearly of 
the same rank. Thus the exinite-resinite constituents have a lower porosity than 
any of the other macerals in coals of the same physical rank. 
CAKING PROPERTIES 
EXPERIMENTAL METHODS 
No prevwus detailed study has been made of the caking properties of 
Queensland coals, the only information recorded in most cases being the nature 
of the residue in volatile matter determinations. While the results of the tests 
recorded below may be correlated with the practical behaviour of the coals in 
coking, they have been carried out primarily to provide data on the fundamental 
relationship of caking properties to rank and petrology. In order to minimise the 
effect of mineral matter, the samples studied were selected for their low ash yield, 
and it can be shown that the probable effect of the mineral matter present is 
negligible in comparison with the order of accuracy of the tests. 
Determinations of the B.S. Agglutinating Value and the B.S. Swelling Number 
were made for the coals by the standard methods, described by Himus (1942, 
pp. 39, 42) .  The results are given in Table 28. 
Sample 
Blair Athol seam 
Blair Athol vitrain 
Aberdare seam bright coal 
Four foot seam bright coal 
Rob Roy seam vitrain 
Eclipse seam bright coal . .  
Four foot seam durain 
Lanefield No. 4 Colliery . .  
Lanefield Extended Colliery 
Lanefield vitrain 
Jubilee Colliery 
Portland Colliery . .  
TABLE 28 
B.S.  Agglutinating B .S .  Swelling 
Index Number 
I (non-agglomerating) 
I (agglomerating) 
I 6  3 
1 9 3 
28 8 
27 8 
I (agglomerating) 
I 7  I t--2 
1 ! 
7 I (agglomerating) 
25 7 ! 
28 8 
In addition to the above two methods, numerous other tests have been devised 
to measure the caking or swelling propensity of coal, and recently attempts have 
been made to study their relationship to each other. Mott (1948, p. 12) has studied 
seven different tests in regard to their relation to chemical composition and to 
each other. He found that all were based on the same phenomena and that the 
six other tests could all be shown to give results closely related to those of the 
B.S. Swelling test. The tests studied were (a) the swelling of single lumps of coal 
heated at 5° C. per minute ; (b) the Gray-King Assay ; (c) the Sheffield Laboratory 
coking test ; (d) the Lessing volatile matter test ; (e) the B.S. Crucible Swelling 
test ; (f) the crucible volatile matter test ; and (g) the B.S. Agglutinating value 
test . Mott's results are generally confirmed by the present work and in Text-Fig'. 7 
the B.S. Swelling Number has been plotted against the B.S. Agglutinating value 
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CORRELATION WITH RANK 
The most recent detailed study of caking properties in relation to rank is 
that of Mott (1948, p. 12) ,  who has investigated the relation of ultimate analysis 
to agglomeration and swelling properties. Regarding agglomeration, his statement 
that " all bright coals containing over 79 per cent. carbon (d.m.-m.-f. basis) or 
over 14,000 B.Th.U Jlb. (d.m.-m.-f. basis) are agglomerating," is borne out by the 
Queensland samples with the single exception of the Baralaba coal. Regarding 
swelling properties, the B.S. Swelling Number has been correlated with the carbon 
and hydrogen content (Mott, 1948, Fig. 5) on the basis of the formula : 
B.S. Swelling No. (n) = H��-2 (C-93 + l l  (H -4.2) ) 
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Mott's formula has been applied to the Queensland coals and the calculated 
values for the swelling number are given for eight vitrains and bright coals in 
Table ·29, in which are also given the determined swelling numbers and agglutinating 
values, chemical rank (carbon content) and porosity (max. inherent moisture and 
methanol) . The effect of variation in type has been minimised by restricting the 
samples to vitrains and bright coals of high vitrinite content. 
TABLE 29 
B.S. B.S.  B.S.  Carbon Max. Max. 
Agglutin- Swelling Swelling ( 01 I nher. In her. lo 
Sample ating No. (Deter- No. (Calcu- D.M.F.  Moisture Mathanol 
Index mined) lated) Basis) % % 
Baralaba (bright coal) . .  0 l (non- l 9 1 .09 3 . 7 1  6.49 
agglom. )  
Eclipse (bright coal) . .  27 8 9 88.55 3.28 6.55 
Jubilee (bright coal) . .  25 7t 9 86.68 3 . 24 -
Rob Roy (vitrain) . . 28 8 7 84.92 3 .23 6 .65 
Four foot (bright coal) . .  1 9  3 7 84.74 3.48 8 .77  
Lane field (vi train) . .  7 1 5 83.70 1 2 . 1 3  20.85 
(agglom. )  
Aberdare (bright coal) . .  1 6  3 4! 83.26 4 . 1 8  1 3 . 23 
Blair Athol vitrain . .  0 l It 80.52 1 7 . 24 -
(agglom. )  
Study of Table 29 indicates ihat there is a fair correlation between calculated 
and determined Swelling Numbers for six of the samples. The order of divergence 
(1 to . q units) is no greater than for a number of the points plotted by Mott fl948, 
Fig. 5) and thus there is evidence for a close correlation of this caking property 
with chemical rank. 
The two samples for which there is no close correlation are the Lanefi.eld 
vi train and the Four foot bright coal. It is noteworthy that these are the coals 
which have abnormally high porosities in relation to their carbon contents, as 
shown by comparison with other samples of approximately the same carbon content. 
This is well illustrated by comparison of the Lanefi.eld vitrain with the Aberdare 
bright coal. The samples have nearly the same carbon and fixed carbon contents ; 
they are also very similar in petrological character, the former being a pure vitrain 
and latter containing about 90 per cent. vitrinite. They have, however, 
quite different caking properties ; the Aberdare bright coal has a swelling power 
approaching 100 per cent. ,  while the Lanefi.eld vitrain does not swell at all in the 
B.S. Swelling test. These differences in caking properties can be correlated with 
differences in porosity, that of the Lanefi.eld vitrain, as measured by maximum 
inherent moisture or methanol being considerably greater than that of the Aberdare 
sample. A further pair of samples which illustrate the same point is the Four-foot 
bright coal and the Rob Roy vitrain, in this case, also, the sample of lower porosity 
is more strongly caking. As additional illustration of correlation of caking 
properties with porosity may be quoted the work of Griffith and Hirst (1944, p. 91)  
who plotted the heat of  wetting (which is  linearly related to the porosity) against 
the B.S. Agglutinating value for 46 coals of volatile yields varying from 28 to 42 
per cent. The coals were obtained chiefly from North Staffordshire, Durham, and 
Gloucestershire. It was found that the most strongly agglutinating coals had low 
heats of wetting and vice versa, which is in agreement with the relation to porosity 
for the Queensland samples. 
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These results suggest that porosity, in addition to chemical rank, may play 
a part in determining the caking properties of coals. Support is given to this 
view by evidence on the effect of other physical conditions on caking properties. 
Thus it is well known that by varying the screen size (and hence the surface area) 
very different results are obtained from caking tests on a coal sample. It is 
considered that these observations on the effect of external surface may be extended 
to take account ofthe large differences in internal surface between coals of different 
porosity. The internal surface is always much gre·ater than the external surface 
of the particles, even for finely ground coals, owing to the extreme fineness of 
the capillaries (mean diameter 40A 0) . Thus for coals ground to pass 72 mesh the 
internal surface (surface area of the capillaries) is at least 40 times as great as the 
external surface in the case of high rank coals, and may be as much as 400 times 
the external surface for low rank bituminous coals. 
It is suggested that variations in the internal surface or porosity produce 
variations in the rate of escape of volatile matter during t!J.e caking process. Thus 
in a low rank coal of high porosity the total surface area from which the volatiles 
can escape may be 10 times as great as in a high rank coal. If the volatile matter 
escapes rapidly from the coal the maximum plasticity, which is related to the tar 
yield (Mott, 1948, p. 14) and also to the temperature, will not be reached because 
of the escape of a large proportion of the volatiles, including the tar, at a relatively 
low temperature. Consequently the agglutinating values and swelling numbers 
which are dependent on the plasticity will be lower. On the other hand, in coals 
of low porosity the volatiles will be retained in the coal to a higher temperature, 
leading to greater plasticity and higher agglutinating values and swelling numbers. 
A somewhat similar suggestion was made by Hirst ( 1944, p. 39) who considered 
that coals of high porosity " would not intumesce owing to the ready escape of 
the products of decomposition from the more open structure. "  Hirst also stressed 
the fact (1944, p. 39) that the original structure persists throughout carbonisation, 
and stated that " with no coal, including even the most strongly coking coals, does 
the internal surface fall to zero at any stage in the carbonisation process although, 
in the plastic range, coals may possess many of the characteristics of a fluid. The 
internal surface areas of different coals remain comparable in magnitude with 
that of the raw coals until relatively high temperatures (i.e . ,  above 600° C.) . "  
Consequently measurements of the capillary structure made at room temperatures 
will be valid for comparison over the range of temperature in which the physical 
changes of the coking process occur. 
The above considerations support the suggestion that porosity, as well as 
chemical composition, influences the caking properties of bright coals. This has 
been shown, on the one hand, by coals of similar composition but differing in 
porosity having different caking properties, also on the other hand, by coals of 
similar porosity but of different composition also differing in caking properties. 
This latter case is illustrated by a comparison of the Eclipse seam bright coal 
with the Baralaba sample. Thus determination of both chemical composition and 
porosity is desirable ; however, for normal coals the porosities correlate well with 
composition and a chemical classification, such as Mott's, permits a close correlation 
of the caking properties with ultimate analysis. For the abnormal coals, on the 
other hand, the porosities are abnormal with respect to their compositions and 
there is evidence to show that in such cases porosity is an additional factor 
influencing the caking properties. 
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CORRELATION WITH PETROLOGY 
Correlation of the caking properties with petrology may be considered under 
the two headings of (a) sub-hydrous coals, and (b) per-hydrous coals by comparing 
such coals with the ortho-hydrous vitrains and bright coals. Samples of sub­
hydrous coals are always less strongly caking than bright coals of the same rank ; 
this is illustrated by comparing the Blair Athol and Four foot durains with the 
vitrain and bright coal from the same seams. The results from these two durains 
are also in agreement with Mott's statement (1948, p. 14) that " durain, whatever 
its composition, gives a B.S. Swelling Number 1 ,  is of zero swelling in the Sheffield 
Laboratory coking test and gives in the volatile-matter test a shrunken coke button. "  
This lack of swelling power o f  durains is a characteristic property and cannot 
be due to differences in porosity, as durains have approximately the same porosities 
as vitrains from the same seam (King and Wilkins, 1944, p. 53) . One explanation 
is that the differences may be related to differences in composition and constitution 
as the durains have lower hydrogen contents. An alternative explanation is that 
the lack of swelling properties may be correlated with the larger pore diameters 
of the durains as King and Wilkins (1944, p. 53) have demonstrated that durain 
and fusain contain a greater proportion of capillaries of larger diameter (diameters 
up to 500A o compared with mean of 40A0 in vi train) . 
This may reduce the swelling power by permitting a more rapid escape of 
volatile matter during the caking process. Mott's statement that the caking 
properties of durain bear no relation to its composition certainly suggests that 
the differences from bright coals are due to differences in physical structure rather 
than to differences in composition. 
Of the two per-hydrous coals studied, the Portland sample has caking properties 
closely similar to those of coals of similar chemical rank and porosity. The Lanefield 
sample is more strongly caking than the vitrain from the same seam, which may 
be due to its lower porosity. However, its B.S.  swelling number is much lower 
than bright coals of the same chemical rank, which suggests that the correlation 
between composition and swelling power does not apply to coals of such high 
hydrogen contents. 
CARBONIZING PROPERTIES 
EXPERIMENTAL METHOD AND RESULTS 
Standard carb�nization tests on a laboratory scale have not previously been 
done on any Queensland coals. Accordingly Low Temperature (Gray-King) assays 
have been done on 1 1  samples selected for low ash yield. The assays were carried 
out according to the method described by Himus (1942, p. 95) , the main 
modifications being as follows :-
(1) Instead of starting the assay with the furnace at 300° C., the furnace was 
raised from room temperature to 600° C. at the rate of 5° C. per minute, and 
maintained at the final temperature (600° C.) for one hour. This was done to 
facilitate manipulation and study of gas evolution. 
(2) The method suggested by Himus (p. 99) for measuring the gas volume 
was used, the glycerine and water from the gas holder being collected in a measuring 
cylinder, while the rate of flow was controlled so as to keep the manometer on 
the gas holder level. Every four minutes during the experiment readings were 
taken of temperature, volume of gas collected and heater-current ; from these 
readings the rate of gas evolution at any stage could be determined. 
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(3) The percentage of gas by weight was determined by measuring its volu�e, 
temperature and pressure, and determining its density by gas analyses or density 
determinatio ns. Weight balances of the products were prepared and showed that 
the total error was usually within 1 per cent. 
(4) All experiments were done on air-dried samples, moisture determinations 
being done at the same time and the results corrected to the dry-coal basis. 
As an illustration of the order of accuracy obtainable, especially in the 
separation of the tar from the water of decomposition, duplicate determinations 
on one sample (Eclipse h\"ight coal) are given below (Table 30) :-
TABLE 30-ECLIPSE SAMPLE 
Solid residue 
Tar . . 
. 
--
. . 
. . 
. . 
. . 
Water of decomposition 
Total gas . . . . 
. . 
. . 
. . 
. . 
Yields per cent. on Dry Coal 
79.05 79. 1 8  
9.42 9. 71 
3 . 19  2.99 
8.56 8.74 
100.22 100.62 
I 
Although the sums of the tar and water yields agree well ( 12.61 and 12.70 
per cent. )  the separate yields of these products are in less good agreement ; this 
is considered to be due to difficulties in experimental separation, as even after 
centrifuging with toluene some of the tar sinks to the bottom of the water layer. 
Consequently the results of all the assays · given below have been rounded off to 
the first decimal place (Table 31 ) .  
TABLE 31 -RESULTS O F  CARBONIZATION ASSAYS 
Solid Water of Tar Gas Specific 
Sample Residue Decomposition (per (per Gravity 
(per cent . )  cent.)  cent . )  of  Gas 
Blair Athol seam . .  80.3 6 .9  4 .8  7 .5  0 .75 
Baralaba bright coal . .  94. 2  0 .7  0 .2  5 .7  0.59 
Aberdare bright coal . . 73.5 6 .4 1 1 . 1  9 . 7  0 . 7 1  
Four-foot bright coal . . 73 . 1  5 .2  12 . 7  9 .2  0.66 
Roy Roy vitrain . . 74.3 4.9 1 2 . 1  8 .6 0.60 
Eclipse bright coal . . 79. 1 3. 1 9 .6  8.7 0.64 
Call_ide open-cut . . 75.7 8 .5 5.0 1 1 .5  0.95 
Lanefi.eld No. 4 Colliery 65.3 7 .0 18 .4  8.9 0.7 1  
Lanefi.eld vitrai n  . .  73. 1  7 . 1  10.6 9 .9  0.76 
J ubilee Colliery . . 75.9 3.0 1 2. 7  8 .4  0.60 
Portland Colliery . . 73.5 4. 1 13 . 7  8.9 0.68 
CORRECTION OF TAR AND WATER YIELDS TO A 
MINERAL-FREE BASIS 
Gas Yield 
Ml. per 
100 Gm . 
at N.T.P. 
(Saturatej) 
7840 
7450 
10750 
10850 
1 1070 
1 0�80 
9490 
9640 
10040 
10720 
1 0230 
Assay 
Coke 
Type 
--
B 
A 
E 
E 
Ga 
Ga 
A 
E 
c 
G2 
Ga 
In correcting tar and water yields to a mineral-free basis, it has been assumed 
that the mineral matter present loses mmt of its combined water under the 
conditions of the carbonisation assays (being maintained for an hour at 600° C.) . 
As the ash yield of all the samples was low, the yield of water of decomposition 
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was corrected on the assumption that the water collected included all the combined 
water of the mineral matter. The yields of water of decomposition were therefore 
corrected by subtracting the combined water of the mineral matter (calculated 
from the mineral matter content of the sample) and calculating the result to a 
mineral-free basis . It could be shown that, owing to the low ash yield of the 
samples, the probable errors involved are less than the experimental error of the 
carbonization assays. The correction formulae used were : 
T = 100 T1 . W = 100 [W1 - (f - 1 )  A] 100 -f .A '  100 -f .A . 
where T1 = tar yield l W1 = yield of water of decomposition 
A = ash yield 
f mineral matter 
�per cent . on dry coal 
ash j 
The yields of tar and water of decomposition corrected on this basis are given 
in Table 32. 
Blair Athol open-cut 
Baralaba bright coal 
Aberdare bright coal 
Four foot bright coal 
Rob Roy vitrain 
Eclipse bright coal 
Callide open-cut 
Lanefield No. 4 Colliery 
Lanefield vitrain 
J ubilee Colliery 
Portland Colliery 
Sample 
TABLE 32 
Tar Yield 
(% d.m.f.  basis) 
5. 1 
0.2 
1 1 .6 
1 3 . 2  
1 2 . 7  
1 0.4 
5.3 
20.0 
1 1 . 1  
13 .0  
14.9 
Yield of \Vater of 
Decomposition 
(% d.m.f. basis) 
6 .8  
0 .7  
6 .4  
5 .2  
4 .9  
2 . 9  
8 . 5  
6 .9  
7 .0  
2 .9  
3 .9  
CORRELATION OF TAR AND WATER YIELDS WITH CHEMICAL 
COMPOSITION 
Spooner (1943, p. 17) deduced the following formulae for calculating tar yields 
from low-temperature (Fischer or Gray-King) assays : 
(Tar + light oil (bright coals) = 10.95 (H -4.2) per cent. 
(Tar + light oil (durains) = 10.95 (H -3.9) per cent . 
where H is the hydrogen content expressed on the dry, mineral-free basis. In  
Text-Fig 8 the tar yield, in  which is  included the light oil, i s  plotted against 
hydrogen for all the samples studied, and the straight lines representing Spooner's 
formulae have also been plotted. Most of the samples are in fair agreement with 
the formulae, and it is probable that agreement would be closer if the· fraction of 
the light oil carried forward in the gas had been determined (by absorption in 
activated charcoal) .  The furthest divergence from the formulae is shown by the 
two per-hydrous coals which also have the highest tar yields. The fact that the 
Baralaba sample with a hydrogen content below 4.2 per cent. yields a small amount 
of tar is in accordance with Spooner's statement ( 1943, p. 17 )  : " Hicks has shown 
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that anthracites with a hydrogen content under 3.7 per cent. give a negligible 
amount of tar on distillation (below 10 oz. per ton or 0.03 per cent. ) ,  but that as 
the hydrogen content increases beyond 3.7 per cent. the tar yield increases fairly 
rapidly. Thus equation (10) will apply to bright coals with hydrogen content 
over 4.2 per cent . ,  but for hydrogen contents of 4.2 to 3.7 per cent . there will be 
a rounding off of the curve. "  
Study of the yields of water of decomposition suggests that they are related 
to the rank and in Text-Fig. 9 they have been plotted against the carbon content 
(d.m.f. basis) for seven vitrinites and bright coals. Although there is only a rough 
approximation to a straight line there is a general decrease of water of decomposition 
with increasing rank . As the water of decomposition contains a large part of the 
oxygen of the volatile products, it ma\· be expected that the water yield will be 
I I 
,... .... ;z .... u 
c:t. ao.J .... ._ 
:z: 
0 
t-
(/') 
0 
0. 
� 
0 
u u..J 
0 
..._ 
0 
cL 
w 
� 
� 
54 THE CHEMICAL A ND PHYSICAL PROPERTIES A ND CLA SSIFICA TION 
I I I I I 
7 I 
: [ ! I v i l I I ""' : I I I / I i : i / 
G I I / 
0 
I / I 
I i I /� I I I 
5 
4 
� 
2 
I I I v i 0 ! i 
I I I / 0 I i +--
-� L I 
I i I : ! - , I I I I I I I 
- -,7/f I i 
I i I I j I I . I  I I 
I I I I n i • I I I i ! I 
'/-1 o · I I I I i I I i I ! I V! I I ! i ! I I L I i / I I I I I / I i I I 
v l I ! 
I I 
/ 
I 
I I 
I 
I I � o/ i i i i 
/ 
__, 
I I I I 
� I  s e  8 7  85 84 83 82 
CARBON (Pf ltCE.NT) 
F I G . 9 
related to the oxygen content of the samples . Consequently in Text-Fig. 10 the 
water yield has been plotted against oxygen (d.m.f. basis) for the eleven samples 
studied, and the results approximate to a smooth curve for which the water yield 
increases with increasing oxygen content. 
GAS EVOLUTION AND DECOMPOSITION TEMPERATURES 
The concept of a " decomposition temperature " for coals wa.s defined by 
Wheeler, who stated (1939, p. 368) : " The main mass of the coal begins to 
decompose at a well-defined temperature which, for a given coal under standard 
conditions of heating, is constant within ± 2 deg. cent. This temperature of 
active decomposition varies according to the coal. Marking as it does the beginning 
of disruption by heat of the ulmins of the coal , it is an important constant 
characteristic of the type and properties of the coal ."  Wheeler found that the 
decomposition point was marked by a sudden increase in the evolution of gas, 
I 
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and consequently study of the gas evolution affords a convenient method of 
measuring the decomposition point . Wheeler's experiments were carried out at 
slow rates of heating under reduced pressure, but the results of other workers 
indicate that values obtained under other standard conditions are comparable 
among themselves, although higher than Wheeler's results. As the " decomposition 
points " listed below were obtained in the same apparatus at atmospheric pressure 
and the same rate of heating (5° C. per min. )  and also as they were shown to be 
reproducible for the same coals, they were used for comparison among themselves. 
It should be noted that the temperatures given are higher than the coal tempera­
tures, as they were measured with a pyrometer outside the retort . 
The decomposition points were obtained in the following manner : From the 
readings of total gas evolved, taken every four minutes, the increments representing 
the volumes evolved over each 20° C. temperature range were obtained. These 
volumes were plotted against temperatures representing the middle of each tempera­
ture range, the graph thus representing the plot of temperature against rate of 
gas evolution. A typical graph obtained in this way for the Aberdare bright coal 
is shown in Text-Fig. l l .  The decomposition point is characterised by a sudden 
ci w 
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and continued increase in the rate of gas evolution ; it was taken as the intersection 
of the straight lines drawn through the pairs of points on either side. Similar 
graphs were obtained for the other samples, and the decomposition temperatures, 
together with data on the physical and chemical rank of the coals, are listed in 
Table :33 .  
Sample 
Baralaba bright coal 
Eclipse bri[ht coal 
Jubilee Col iery 
Portland Colliery 
Rob Roy vitrain 
. . 
. . 
. . 
. . 
. . 
Four foot bright coal . .  
Lanefield vitrain 
Aberdare bright coal 
Lanefield seam 
Blair Athol open-cut 
Callide open-cut 
. . 
. . 
. . 
. . 
. . 
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. . 
. .  
. .  
. . 
. .  
. . 
. . 
. .  
. . 
. . 
. .  
TABLE 33 
Decom-
position Carbon Hydrogen 
Point 
(oC. )  % d.m.f. basis 
494 9 1 .09 4.08 
440 88.55 5 .52 
438 86.68 5 .73 
420 85.90 6 . 1 7  
436 84.92 5 .55 
420 84.74 5 .60 
393 83 .70 5.45 
429 83.26 5 .50 
404 82. 26 6.67 
430 82.39 4 .47 
410 80. 1 1  4 . 1 8  
5 7  
Max. Inher. Max. Inher. 
Moisture Methanol 
% on Dry Coal 
3 . 7 1  6 .49 
3 .28 6.55 
3.24 -
2.55 6.77 
3 .23 6.65 
3.48 8 .77  
1 2 . 1 3  20.85 
4 . 1 8  1 3.23 
6 . 1 4  1 0. 84 
1 6.55 23.85 
1 7 .57 24.96 
The effect of rank on the decomposition points may be studied from the results 
for seven vitrains and bright coals listed in Table 33. For five of the samples the 
results are in order of chemical rank as indicated by carbon content, the 
decomposition temperatures increasing with increasing carbon content in accordance 
with Wheeler's results ( 1939, p. 368) . However, for the two " abnormal " samples 
(the Lanefield vitrain and the Four-foot bright coal) which have abnormally high 
porosities in relation to their chemical rank, the decomposition points are con­
siderably lower than those of bright coals of the same chemical rank. Thus the 
Lanefield vitrain and Aberdare bright coal have decompositi.on temperatures differing 
by 36° C. ,  and similarly the decomposition points of the Four-foot bright coal and 
Rob Roy vitrain differ by 16° C. These results suggest that the decomposition 
temperatures, like the caking properties, are related to the porosity, as well as 
to chemical rank . 
Regarding the effect of petrological type, the results show that the two sub­
hydrous durains have higher decomposition points than bright coals of the same 
chemical rank and porostty. However, as the carbon contents of durains are higher 
than the associated bright coals, the effect of increased decomposition t�mperature 
is largely counterbalanced by increased carbon content when correlating the latter 
with the decomposition points. Thus these sub-hydrous durains fall approximately 
in the same series as the bright coals in regard to their carbon contents. The two 
per-hydrous coals have lower decomposition points than bright coals of the same 
chemical rank and porosity. These differences are evidently related to differences 
in chemical constitution of the macerals present, as also is the case for the 
sub-hydrous coals. 
CONCLUSIONS 
The primary result of the present work is to provide data for a rank and type 
classification of Queensland coals and to demonstrate the relation of rank and 
type to the geology of the coalfields and to some of the chemical and physical 
properties of the coals. For this purpose ultimate analyses (corrected to a dry 
mineral-free basis) are of great value as they can be correlated with numerous 
other properties of the coals. Thus Mott states ( 1948, p. 15) : " It is apparent 
from the above that there are comparatively simple relationships between calorific 
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value and carbon and hydrogen contents, between volatile matter and hydrogen 
and oxygen contents, and that the caking and swelling power of mainly bright 
coals can be expressed in terms of the hydrogen and oxygen contents. Moreover, 
the tar and liquor yields under conditions of no cracking, and the yields of different 
gaseous constituents can also be related to the hydrogen and oxygen contents of 
coal ." In addition the carbon and hydrogen contents provide useful criteria of 
the rank and type respectively. Consequently the 20 ultimate analyses recorded 
should be useful, as few reliable determinations are available in previous literature. 
Correlation of these analyses with other data has led to the following detailed results : 
(I ) The coals being mined at present cover the bituminous range of rank, 
and overlap at each end into the semi-anthracite and lignitic groups. This wide 
range in rank is a result of variation in the metamorphic factors producing rank 
advancement in the different coalfields. Illustration of the effect of one such 
factor (thickness of overburden) is shown by the application of Hilt 's law in the 
Ipswich coalfield. 
(2) There is a wide range in petrological type and bright coals form a smaller 
proportion of the coal reserves than in England or the United States. The Jurassic 
and Cretaceous coals are· per-hydrous and rich in resinous and cuticular material , 
which is regarded as due to their partial origin from coniferous trees. The Permian 
and Triassic coals comprise both bright coals and durains, and have relatively low 
exinite and resinite contents. A close correlation between petrology and chemical 
analyses has been obtained in most cases. 
(3) Proximate and ultimate analyses and calorific values (corrected to a dry, 
mineral-free basis) and petrological data have enabled the coals to be placed in 
the divisions of Mott's classification, the most recent classification on a primarily 
rank basis. 
(4) A recently-developed method of measuring the maximum inherent moisture 
has been used and modified to enable determination of maximum inherent methanol, 
the two sets of determinations providing a measure of the porosity of the coals. 
Study of the porosity in relation to chemical rank has shown that -bright coals of 
similar chemical rank (similar carbon and hydrogen contents, volatile yields and 
carbonisation assay yields) may differ considerably in porosity, owing to different 
conditions of rank advancement. Under normal conditions of metamorphism 
physical rank (measured by porosity) is advanced at the same rate as chemical 
rank, but un<;ler abnormal conditions one rank component may be advanced further 
than the other. · 
(5) Study of the caking properties suggests that porosity, in addition to 
chemical constitution, may influence the swelling and agglutinating power. This 
is shown by coals of similar chemical rank having different caking properties 
corresponding to differences in porosity. 
(6) Carbonisation assays have been carried out on eleven samples and the 
yields of tar and water of decomposition have been shown to be related to the 
hydrogen and oxygen contents respectively. A method has been developed for 
determining decomposition temperatures under the standard conditions of the 
assays, and the decomposition points have been shown to depend mainly on the 
carbon content ,  although there is some evidence to suggest they are also related 
to porosity. 
(7) The rank and type classification of the coals can be applied, as shown by 
Mott ( 1948, p. 39) to indicate their suitability for various industrial uses . In 
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addition to rank and type, other factors such as ash-fusion temperatures, ash yield 
and screen size should be considered in assessing the suitability of a coal for any 
particular use. Coals suitable for use in the production of metallurgical coke occur 
in· some of the seams of the Collinsville, Burrum, Ipswich, Styx River and Mount 
Mulligan coalfields. These coals, and also the Walloon coals, are suitable for gas 
making. As coking coals and gas coals form only a fraction of the total reserves 
of the State their use for steam-raising should be discouraged in order to conserve 
reserves of this class of coal. 
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